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I. INTRODUCTION AND SUMMARY 

PURPOSE OF ANALYSIS 

This preliminary biological and economic assessment of the insecticide 

diflubenzuron is ene as an input to the risk/benefit decision by the 

Administrator of EPA as to the continued Pepierrat ion of diflubenzuron 

for gypsy moth control and the registration for additional uses under the 

Federal Insecticide, Fungicide, and wires Act,.as amended (FIFRA) 

G/eU.5-C.. 135 et seq). Pe Shiee was referred to the Special Pesticide 

Review Division in the Fall of 1977 for evaluation based on triggers of 

oncogenicity and adverse effects on the environment. If the risks appear 

to outweigh the benefits, the Administrator may announce intent to cancel 

the existing registration and deny the other registrations under FIFRA. 

This report was prepared cooperatively by the USDA/State/EPA Difluben- 

zuron Assessment Team in accordance with the MEMORANDUM OF UNDERSTANDING 

BETWEEN THE U.S. DEPARTMENT OF AGRICULTURE AND THE U.S. ENVIRONMENTAL 

PROTECTION AGENCY, effective December 2, 1976. 

SCOPE AND APPROACH 

This report is a use-by-use assessment of the proposed uses of difluben- 

zuron. It includes estimates of the quentities utilized, identification 

of the currently used registered alternatives, a determination of the 

change in insect control costs associated with the use of diflubenzuron, 

and evaluation of the regulatory impact upon crop production and retail prices. 

The uses evaluated are control of boll weevil on cotton; velvetbean caterpillar, 
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Mexican bean beetle and green cloverworm on soybeans; gypsy moth in eastern 

hardwood forests; tussock moth in western conifer forests; and mosquito 

larvae in urban and residential areas and around farm buildings. 

’ 

Since, with the exception of gypsy moth control, diflubenzuron 

has not previously been used, the general approach taken in this 

analysis was to evaluate the impacts of shifting from the currently used 

insecticides to diflubenzuron at the user level in affected areas and 
. 

projecting the resulting impacts to the commodity and consumer levels 

where appropriate. Economic impacts on users were considered at the 

state/region and U.S. levels. Impacts were estimated on a per-unit 

basis as well as in the aggregate for specified geographic areas. In 

the case of gypsy moth control, the above impacts were estimated assuming 

a shift from diflubenzuron to alternative control measures. 

The time frame for analysis is generally one year following possible 

registration, based bn a EE datasltromelgizetoulo/yo.ueo.1uce, 

diflubenzuron has not yet been registered, except for gypsy moth, 

these data were sparse. For the same reason, the suggested application 

rates and appt price used for diflubenzuron in this analysis are 

subject to change. If such changes occur, they will affect the 

cost-of-control impacts estimated in this analysis. 





| 

GENERAL BACKGROUND AND USE PATTERNS 

Diflubenzuron was discovered by Philips-Duphar B. V. of the 

Byetnerlands and has been developed as an insecticide in the United States 

under license to the Thompson-Hayward Chemical Company, a subsidiary 

of North American Philips Corporation. 

Diflubenzuron is a chitin-inhibiting insecticide which disrupts 

the development of chitin in immature insects. After ingestion, 

instars survive until the next molt. Diflubenzuron must be ingested 

to work and, therefore, is effective primarily on immature foliar 

feeding insects. Sucking and adult foliar feeding insects are not 

affected by it (Stanford Research Institute, 1977). 

In May, 1976, Thompson-Hayward received a registration on diflubenzuron 

for the control of gypsy moth. For this use, 895 pounds were used on 

25,000 acres of forest land in 1977 (considerably more was used and 

treated in 1978). This is, the total annual usage of diflubenzuron 

since no other registration for commercial use currently exists. 

SUMMARY OF FINDINGS 

Overall Impacts 

The economic impacts from cancellation of diflubenzuron for gypsy 

moth control and registration for other uses are summarized in Taplesi=ie 

These impacts are not summed to a total impact because some uses have 

unique featnres which create non-comparability among the analyses. The 

detailed procedures, assumptions and implications for each use are 

specified in each analysis later in this report. The purpose of this 

subsection is merely to summarize the dominant features of the results. 
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For the three uses where economic impacts were estimated, the results 

are the following: $10.6 million annually for cotton, $13.4 million 

annually for soybeans, an increased cost of $5.3 for control of tussock 

moth about every 10 years when the problem occurs in order to avoid possible 

adverse ee oancitel effects from the only alternative, carbaryl. There 

may also be an increased impact for cotton of $15.6 million if the use of 

diflubenzuron increases yield by 5 percent, as expected by entomologists 

contributing to this assessment. 

Use of diflubenzuron to sen tie gypsy moth, the only use for which 

it is registered, does not provide noticeable economic impacts. It 

is 20 percent less expensive than carbaryl for use in the eradication 

program, but is comparably priced to its alternatives Eorsocner 

gypsy moth control programs. However, unlike several of these alter- 

natives, diflubenzuron does not interfere with non-target or beneficial 

predator insects. 

For mosquito ponteoln diflubenzuron does not have cost advantages 

over its alternatives. However, it is important as a new, efficacious 

insecticide to control this pest eeice the mosquito builds up resis- 

tance to pred t ona! chemical controls. Currently, only parts of central 

California ae without an effective insecticide, but mosquitoes will become 

resistant to currently used insecticides in more areas through time. 

All the measured impacts occur at the eeer level. The effects on 

production are small relative to industry size, so consumer impacts 

are not anticipated. In general, diflubenzuron does not have cost 

bs ° 

advantages over alternative insecticides. However, it does have 

the important advantage of not interfering with beneficial insects. 
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Gypsy Moth 

The only use for which diflubenzuron is currently registered is 

gypsy moth control. Diflubenzuron is in the same cost range as the 

other chemicals currently used for gypsy moth population control and 

defoliation control.’ It is of equal efficacy, but it offers the added 

advantage of not being harmful to bees and other De ren erate beneficial 

insects. 

In areas where chemical control is required to eradicate the gypsy 

moth from an area into which it has recently been introduced, Freee ioe 

is almost 20 percent cheaper than the nateeeenres chemical. It is equally 

effective. In 1978, USDA planned an eradication program on just over 100,000 

acres. 

No market or consumer impacts are expected as a result of diflubenzuron's 

availability or non-availability. Likewise, no Social or Community impacts 

should be noted, unless new major areas of infestation occur and eradication 

efforts fail. It is in this regard that the strongest case for diflubenzuron 

can be made. 





Table I-2 

SUMMARY OF PRELIMINARY BIOLOGICAL AND ECONOMIC ASSESSMENT 
OF DIFLUBENZURON (DFB) USE ON GYPSY MOTH/FOREST TREES 

Ny USE: 
Hardwood trees and forests 

B. MAJOR PESTS CONTROLLED: Gypsy Moth 

Cc. ALTERNATIVES : . 

Major registered chemicals: RPAR candidates: Carbaryl; trichlorfon; phosmet (Imidan). 
Non-RPAR candidates: Acephate; malathion; methoxychlor. 

™, Non-chemical controls: Biological controls: Bacillus thuringiensis (B.t.) and Nuclear polyhedrosis virus (NPV), aerially applied. Other non-chemical controls: parasites and predators; forests stand manipulation (long term only)--neither method has been operationally tested. 

State/Federal recommendations: Diflubenzuron = & - 1.0 oz. a.i./acre; carbaryl = 1 1b., a.e./acre; trichlorfon = 1 lb., a.i./acre; acephate = .5 lb., a.i./acre; Bacillus thuringienis = 8 bil.I.U./acre (2 applications); Nuclear polyhedrosis virus = 25 Mil.P.U./acre (2 applications). 

Efficacy of alternatives: Preferred alternatives include carbaryl (RPAR), trichlorfon (RPAR), and acephate. Others less depencz>le. Biological controls erratic; NPV available only in limited quantities. DFB provides some carrvover control through ovicidal activity. In most cases other chemicals require annual application. 

Comparative performance: Control of defoliation: Carbaryl, acephate, trichlorfon are superior through quick kill, DF3 lags 3-10 days. Population control: Several alternatives about equivalent to DFB. Trichlorfon and acephate are less dependable if rain follows application. Eradication: DFB applied twice (.5 oz. a.:./ acre) is preferred for flexibility in timing and reduction of viable eggs. Carbaryl is the only othe- chemical used; it is also applied twice. 

Comparative costs: DFB is in the same relative cost Tange as other controls for defoliation programs. For eradication programs, it is approximately 20% cheaper than the only alternative ($4.82 vs. $5.86 per acre). 

Conclusions: DFB is competitively priced, equally effective and is not harmful to bees and other beneficial inseczs. 
Acephate and carbarvl adversely affect bees and certain insect parasites. Trichlorfon is of margina_ effectiveness when rain follows spraying. All four chemicals provide residual effects for control o: 
staggered egg hatch (2-4 weeks), in favorable weather. Defoliation is greater with DFB because of t=2 
slower killing action. Present labeling interpretation on DFB would preclude use in a residential ar2 Except for these four, other controls are undependable and not used. NPV and B.T. are marginal in 
effectiveness, show little residual effect, and are more costly. 

2. 

D. EXTENT OF USE: All use through federal programs. In FY 1977, 895 pounds of DFB used, 97 percent of which was in AP=IS 
eradication program. 25,000 acres were treated. FY 78 plans indicated use of 6,240 pounds, on 107,279 
acres, plus unknown amounts by USFS/States. 

E. ECONOMIC IMPACTS: 

User: Limited to the incremental costs of using alternatives plus the possible losses in control and damages 
sustained if DFB were cancelled. Comnarative costs of population control place DFB at the average frr 
all four preferred chemicals. Choice among chemicals is often made on other grounds than cost as notzé 
above. For eradication programs DFB is preferred because of unwanted bee and parasite/predator 
impacts of carbaryl. In addition, approximately $l/acre could be saved by using DFB rather than the 
alternative, based upon a recently announced diflubenzuron price of $2.55 per oz. 

Market, Consumer : , ‘ 
and Macroeconomic: None expected. 

F.  SOCIAL/COMMUNITY IMPACTS: None, short term. Long term could be extensive if any new infestations are not contained. 

G. LIMITATIONS OF ANALYSIS: Operational effectiveness of DFB is based on only two years of field applications. Further reductio-; 
in application rates are still being tested. Qualitative and environmental considerations are much are 
critical than the economic impacts of withdrawal of DFB. These were not analyzed fully since quantizzzive 
data are lacking. 

H. PRINCIPAL ANALYSTS: EPA USDA 
D. Dudley Mattson, Ph.D. Ray Stanton, Ph.D. 

Economist, EAB, BFSD, OPP Economist, ESCS, NRED 

September 1978 
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Cotton 

Diflubenzuron is not currently registered for use on cotton but 

application has been made to Leet scerelteror éonrrel of boll weevil. 

If registered, diflubenzuron would also contribute to the control 

of the bollworm-budworm complex by not interfering with natural 

predators of this worm complex. 

The regions subject to boll weevil infestation are the Southeast, 

the Delta and part of the Southwest. Approximately 7.3 million acres 

are subject to boll weevil infestation in these Leg. ons, One thisetota ls 

an estimated 3.5 million acres will receive insecticide treatments 

in an average year, and 1.3 million of these acres would probably receive 

treatment with diflubenzuron if it was registered. 

On those acres where Anerut econ is estimated to be used, the control 

costs will be lowered by $3.50 to $18.60 per acre under currently 

used insecticides, In the aggregate, control costs are estimated 

to be reduced by $10.6 million. However, a $15.6 million increase in the 

value of production may also occur, if a 5 percent yield increase is 

realized from the use of diflubenzuron. 

Diflubenzuron is not likely to be competitive with currently used 

insecticdes for boll weevil control alone, but is generally competitive 

to control the boll weevil and bollworm-budworm compex OLnCLY Since 

diflubenzuron does not interfere with the natural predators of the worm 

complex, the initial chemical treatment to control these pests can be 

delayed and fewer applications will most likely be needed throughout 

the season. 
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H, 

SUMMARY OF PRELIMINARY 

USE: 

INSECTS CONTROLLED: 

CURRENTLY USED INSECTICIDES: 

Registered insecticides: 

Non-chemical controls: 

Comparative efficacy of currently 

used insecticides: 

Comparative vield effects: 

s 

Comparative costs: 

Comments: 

EXTENT OF USE: 

Acreage and active ingredient basis: 

“ECONOMIC IMPACTS: 

User: 

Market: 

Consumer: 

Macroeconomic: 

SOCIAL AND COMMUNITY IMPACTS: 

LIMITATIONS OF ANALYSIS: 

ANALYST AND DATE: 

Pe 

Table I-3 

BIOLOGICAL AND ECONOMIC ASSESSMENT OF DIFLUBENZURON USE ON COTTON 

Cotton 

Boll weevil (Anthonomus grandis); contributes indirectly to reduction in bollworm-budworm 

complex (Heliothis spp.). 

Azinphosmethyl EPN 

Methyl parathion ‘ Monocrotophos 

Toxaphene + methyl parathion (RPAR) Malathion 

None which compete 

contribute to boll 

cotton and the use 

with chemical controls. However, several non-chemical controls which 

weevil control exist, including the use of determinant varieties of 

of pheromone traps in early spring. 

Equal control of boll weevil is assumed although the efficacy of diflubenzuron over any of its 

substitutes is not clear. However, unlike the currently used insecticides, diflubenzuron does 

not interfere with natural predators’which provide some control:of the bollworm - budworm compiex 

Thus, the initial chemical application to control the worm complex can be delayed and the 

total number of applications reduced. 

No change in yield on a per acre basis is assumed. 

increase will occur with the use of diflubenzuron. 

However, entomologists believe some vield 

Estimated annual diflubenzuron treatment costs vary by state from $26.40 to $30.90 per 

acre. Diflubenzuron is estimated to be generally tompetitive with currently used insecticides 

for combined boll weevil/bollworm-budworm complex control. “However, it is not likely 

to be competitive for boll weevil control alone. 

Since diflubenzuron does not interfere with natural predators or biological controls 

introduced by man, it is a potentially useful boll weevil control agent for use in IPM 

programs. 

Approximately ten percent (1.3 million acres) of total cotton producing acreage could be 

treated with diflubenzuron if it was registered for this use. These 1.3 million acres are 

centered in Georgia, Louisiana, Mississippi, North Carolina, and Texas. An estimated 500,000 

pounds of diflubenzuron would be used to treat this acreage. 

Control cost savings from using diflubenzuron are summarized in the table below. No yield 

effects are assumed. However, if a yield increase of 5 percent were realized from the use 

of diflubenzuron, the value of production would increase by $15.6 million. 

Feasible Decrease in Per Total Change In 

States Acreage Acre Control Costs Control Costs 

. 1,000 acres dollars $ million 

Georgia 133 15.30-18.60 B22 

Louisiana 289 3.50 -1.01 

Mississippi 713 7.80 -5.53 

North Carolina 56 12530 -0.69 

Texas Gl 3.90-14.70 -1.03 

Total 15302 -- -10.55 

enn nnn TEInEInnEnnnEnES SaaS Enna 

No market impacts will occur if there are no yield impacts as assumed. However, if a 5 percent 

yield increase were realized, market prices might be reduced minimally. 

There are no consumer impacts. 

There are no macroeconomic impacts. 

The use of diflubenzuron could further the general introduction of IPM as a farm management 

technique among cotton growers. Also, 500,000 pounds of diflubenzuron would replace an 

estimated 13.8 million pounds of current boll weevil and bollworm-budworm suppression materials. 

The analysis is based on several broad assumptions. The price of diflubenzuron is an estimate, 

since it has not yet been marketed for this use. There may be yield impacts from using 

diflubenzuron, but there is little data supporting a differential in yield between dif- 

lubenzuron use and that of substitutes. Also, harvested cotton acres are erratic. Base 

acres for the analysis were not estimated from current usage, but rather froma multi-year 

weighted average characterization of cotton production. Finally, much of the data came fron 

questionnaire responses, as such these data are not validated. 

USDA 
i EPA 

—— 

Craig Tinney 

Agricultural Economist 

ESCS, NRED 

John Palmisano 

Economist 

EAB, BFSD, OPP 

E.P. Lloyd 

Entomologist 

SEA 

September, 1978 
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Soybeans 

Diflubenzuron is not currently registered for use on soybeans, but 

application has been made to register it for control of velvetbean caterpillar, 

Mexican bean nage and green cloverworm. These three pests occur in 

relatively distinct geographic regions. The velvetbean caterpillar occurs 

primarily in the Southeast and Delta regions, the Mexican bean beetle is a 

problem primarily in the mid-Atlantic states, and the secety cloverworm is 

a problem primarily in the North Central region. 

Diflubenzuron selectively controls these eae with one application per 

season. This selectivity has the advantage of not interfering with natural 

predators but also has the disadvantage of not controlling other insect pests 

of soybeans. 

The total impact of using diflubenzuron to replace currently used insect- 

icides is estimated to be $13.4 million annually, partially from control 

aon savings and partially from production increases. All of these impacts 

occur at the user (farm) level and are nearly maximum estimates, based on 

the ec ion that diflubenzuron will replace currently used insecticides 

on most (exact specifications in the analysis, chapter IV) of the soybean 

acreage currently treated with insecticides for these three insect pests. 

Essentially all of the economic advantages of Avenir occur at 

moderate and high levels of infestation of velvetbean caterpillar. Infes- 

tations at these levels occur annually, through time averaging 45 percent 

of the acreage infested with velvetbean caterpillar and 37 percent of the 

acreage infested with all three pests. This acreage accounts for 98 percent 

of the savings ($7.4 million) and 100 percent of the increased value of 

production ($5.8 million). 
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SUMMARY OF 

USE: 

INSECTS CONTROLLED: 

CURRENTLY USED INSECTICIDES: 

Registered insecticides analyzed: 

Non-chemical controls: 

Comparative efficacy of currently 

used insecticides: 

Comparative yield effects: 

Comparative costs: 

Comments: 

EXTENT OF USE: 

Table I-4 

PRELIMINARY BIOLOGICAL AND ECONOMIC ASSESSMENT OF DIFLUBENZURON USE ON SOYBEANS 

Soybeans 

Velvetbean caterpillar, Mexican bean beetle, green cloverworm 

Insect 

Insecticide Velvetbean Mexican Green 

Caterpillar Bean Beetle Cloverworm 

a/ 
Carbaryl ae x x 

Methony 1 x = 

Malathion */ - x 

Methyl Parathion x = = 

Toxaphene + M.P. (RPAR) x - - 

Toxaphene (RPAR) - - x 

a/ "x" signifies selection as an alternative for the respective pest(s) 
b/ "=" signifies non-selection as an alternative 

None which are commercially feasible at the current time. 

Equal control to diflubenzuron except for moderate and high infestations of velvetbean caterpillar. 

Diflubenzuron is effective with one treatment per year. Two or three treatments (5 treatments i 

Florida) of the currently used insecticides are commonly needed to control infestations of velve=bean 

caterpillar. Both Mexican bean beetle and. green cloverworm can be controlled with one treatment of the 

currently used insecticides. A 

None in areas infested with Mexican bean beetle or green cloverworn. In areas infested with velvetbean 

caterpillar, diflubenzuron estimated to intrease soybean yield by 0.41 bushels per acre (moderatzly 

infested areas) and 1.44 bushels per acre (highly infested areas). 

Annual treatment costs with diflubenzuron range between $4.25 and $5.75 per acre. Annual treatment costs 

for currently used insecticides range from $3.87 to $29.00 per acre. 

1. Currently used insecticides effectively control other insect pests of soybeans in addition t2 the 

three pests in this analysis. Diflubenzuron does not. 

2. Some currently used insecticides kill naturally occurring predators in addition to the pests, a 

situation which may allow resurgence of the pests to damaging levels shortly after treatment. 

Diflubenzuron does not harm these beneficial predators. 

None used. Diflubenzuron not registered for use on soybeans. 

1976 usage of some currently used insecticides are given below: 

i nl ry A et te Rn a nae 

Insecticide Active Ingredient Acres Treated 

a ee 

1,000 lbs 1,000 acres 

Carbaryl 3,668 ek Pas) 

Methomyl - 483 865 

Malathion -- -- 

Methyl Parathion 7/ple 677 

Toxaphene 2,206 488 

U.S. sobyean acreage treated with all insecticides for all insect pests: 4 percent (1966); 8 percent 

(1971); 10 percent (1976) 
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ECONOMIC IMPACTS: 

User impacts: 

Consumer impacts: 

LIMITATIONS OF ANALYSIS: 

PRINCIPAL ANALYSTS AND DATE: 

{3 

Table I-4 (Cont'd.) 

Treatment cost savings per acre from using diflubenzuron: none in controlling Mexican bean beetle to 

maximum of $17.80 in Florida to control velvetbean caterpillar. 

Aggregate user impacts: majority of savings and all production effects occur in areas with velvetbean 

caterpillar infestation. 

Summary of Annual User Impacts by Insect and Region 

i 

Treatment 4 Value of 
Insect and Region Cost Savings Increased Production Total 

—-—-—-----—-- 1,000 dollars-—-—----------—-- 

Velvetbean Caterpillar 

Florida 2,690 O92 3,782 

Southeast 4,133 3,740 7,873 

Delta and Southern Plains 650 988 1,638 

Total UATE) 5,820 13,293 

Mexican Bean Beetle -61 _ £ -61 

Green Cloverworm 176 -- 176 

Total Te eyehhe at 5,820 13,408 

nn ETE DEI I EI EISEN INE nEIESEIISSSSSSINEInISSIIE aa 

None expected 

1. Manufacturer's suggested retail price was used for diflubenzuron in this analysis rather than market 

price. 

26 No market share data were available for diflubenzuron. Therefore, a particular set of strategies for 

the use of diflubenzuron were developed which maximize the acreage on which diflubenzuron was assumed 

to be used. . 

3 The acreage infested data used in this analysis were subjectively determined by entomologists in the 

states affected. 

EPA USDA State 

Robert E. Lee, II, Ph.D. Herman W. Delvo, Ph.D. Merle Shepard, Ph.D. 

Economist Economist Entomologist 

EAB, BFSD, OPP ESCS, NRED Clemson University 

Donald C. Herzog, Ph.D. 

Entomologist 

University of Florida 

September 1978 





The single-treatment cost per acre with diflubenzuron lies within the 

range of single-treatment costs of the currently used insecticides. The 

major advantage of using diflubenzuron is its ability to provide season-long 

control of velvetbean caterpillar with only a single treatment, regardless 
, 

of the level of infestation, whereas currently used insectides require 

additional epersrint at higher infestation levels. Both Mexican bean 

beetle and green cloverworm can be controlled with a single treatment of the 

currently used insecticides or diflubenzuron. 
e 

Tussock Moth 

The Douglas fir tussock moth is a forest insect found primarily on the 

inland range of Douglas fir and true fir in the western states. It 

periodically reaches epidemic levels and causes widespread forest damage. 

There is no completely satisfactory registered chemical control for the 

tussock moth. Carbaryl, the only registered chemical, may have undesirable 

side effects at registered dosage rates. The tussock moth reaches epidemic 

population levels only about once every 9-10 years. Until such a population 

buildup there is little need for control. 

During periods of severe tussock moth population pressure, which may 

last 2-3 years, defoliation and tree Moree y can be severe. Even trees 

that do not die suffer serious growth loss. Dead trees can often be 

ACE logged, but they have a lower-than-normal price. Dead trees also 

increase the risk of forest fires and cause a resultant increase in fire 

prevention and control costs. In cases where existing regeneration is 

destroyed, replanting of the stands is sey ES. In developing the economic 

estimates, a range of possible management and biological conditions was 
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analyzed. When the economic impacts of all of these conditions are summed, 

the average benefit from controlling tussock moth with diflubenzuron is 

estimated to be $25.06 million, compared to no control. The average benefit 

from using carbaryl, compared to no control, is estimated to be $30.32 

million, assuming He possible undesirable side effects are accepted as 

being cost-free. Thus, with a $5.3 million smaller benefit, diflubenzuron 

has no economic advantage over carbaryl. 





SUMMARY 

USE: 

MAJOR PESTS CONTROLLED: 

ALTERNATIVES: 

Chemical alternatives: 

Non-chemical alternatives: 

Efficacy and comparative 

performance of alternatives: 

Conclusion: 

EXTENT OF USE: 

ECONOMIC IMPACTS: 

Economic analysis: 

Macroeconomic impact: 

Microeconomic impact: 

LIMITATIONS OF ANALYSIS: 

PRINCIPAL ANALYSTS: 

/( 

Table I-5 

OF PRELIMINARY BIOLOGICAL AND ECONOMIC ASSESSMENT OF DIFLUBENZURON (DFB) 

USE ON DOUGLAS FIR TUSSOCK MOTH/FOREST TREES 

Presently experimental only, registration not yet applied EOL 

Douglas Fir Tussock Moth 

Carbaryl (RPAR candidate) 

Bacillus thuringiensis, Nucleopolyhedrosis virus 

Bacillus thuringiensis is not consistently effective. Nucleopolyhedrosis virus is not commercially 

available. The only registered alternative carbaryl (of comparable efficacy) is felt to be undesirable 

for widespread application because of the possible toxic effects on parasites/predators of tussock mot: 

and other beneficial insects. 

No suitable, effective, available alternative exists. Carbaryl has possible ecological side effects 

at the dosage necessary for comparable efficacy. . 

No current active infestations. Outbreaks assumed to cover 500,000 acres expected approximately every 

10 years. Economic damage would require treatment of 350,000 acres with 43,750 - 87,500 lbs. a.i. of 

DFB or 700,000 lbs. a.i. of carbaryl. 

It is assumed the expected outbreak would have a biological impact upon the infested acreage similar 

to the 1972-74 infestation. The biological data were then applied to a range of typical stand, growth 

and management conditions to determine high and low estimates of the dollar value of mortality, salvage 

and growth loss on mature and immature timber. 

Benefits of Control with Insecticides, Compared to No Control 

ee 

DFB Carbaryl 

Range— Midpoint Range— Midpoint 

—--——- -— —— ----million dollars-—-----——---—----——— 

Losses prevented: 

timber value 13. 24=19..35. = 16.32 13.24-19.35 16.32 

fire protection 6.0 - 8.5 725 9.60-13.50 A iy isis) 

replanting 3.00- 7.49 5.24 3.00- 7.49 5.24 

Total losses 

prevented 22.24-35.34 28.79 25.84-40.35 33.09 

Control costs 2.84- 4.62 3273 Zola 2ald PAST T 

Net benefits 19.40-30.72 25.06 2307-37 .58 30.32 

ne 
EES aan Sa 

a/ Chosen to reflect the variety co biological and management conditions of the region. 

The above table shows that diflubenzuron does not have an economic advantage over carbaryl. Rather, 

comparison of the mid-point net benefits of the two chemicals indicates that carbaryl has a $5.3 milli-a 

economic advantage over diflubenzuron. 

Not considered. 

Local severe impacts possible. Disruption of growing cycle and timber harvest patterns upon which some 

gmall communities are totally dependent. Initial salvage sales of timber volumes in excess ov local n‘:2 

capacity, later periods of greatly reduced cut. 

Major dependence on USFS data for 1972-74 outbreak. Fire prevention and control, and reforestation cc::3 

were estimated. Neither carbaryl nor DFB have had wide scale field tests for efficacy or control of 

defoliation and damage. Impacts are presented for a hypothetical infestation of 500,000 acres with 

350,000 acres requiring treatment. 

eee eee Ae 
USDA 

C. Dudley Mattson, Ph.D. O. Ray Stanton, Ph.D. 

Economist Economist 

EAB, BFSD, OPP ESCS, NRED 

September 1978 
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Mosquitoes 

Mosquitoes transmit a variety of human and animal diseases including 

malaria, yellow fever, various strains of dengue and dengue~haemorraghic 

fever, and a large number of various types of encephalitis. Additionally, 

mosquitoes cause a great deal of discomfort which can affect the productivity 

of animals and decrease the enjoyment of outdoor recreational activities 

for humans. 

There are a variety of control methods to reduce mosquito populations. 

The principal methods are source reduction of breeding areas and insecti- 

cides. Neither method is completely satisfactory. Source reduction is 

costly and not always feasible. With currently registered pesticides 

some sites cannot be treated and resistance has developed in some areas. 

Diflubenzuron has been Abeer experimentally to be an effective 

mosquito larvicide, but is‘not registered for this purpose. The potential 

value of diflubenzuron for mosquito control in the U.S. is difficult to 

estimate. Human health is involved and placing a quantitative value on 

either human health or life is difficult at best. Given the fact that 

serious outbreaks of diseases such as malaria or encaphalitis are not 

prevalent in the U.S., on an economic or human health basis a clear cut 

pieeiticaton for the use of diflubenzuron is not readily apparent. However, 

if a serious or significant outbreak of mosquito-conveyed diseases should 

occur, the value of diflubenzuron would be large. For example, following 

an outbreak of encaphalitis in 1952 there were 50 fatalities and a number 

of children who were affected suffered permanent brain damage. Most of 

the children who had severe cases became permanent wards of the state. In 

California, as of January 1, 1978, the average cost per patient in mental 

hospitals was $1,800 per month. 
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Presently there is about a 400,000 acre area in California where 

Culex, Tarsalis, the vector of western equine and St. Louis encephalitis is 

resistant to organophosphate larvicide. 

In periods of flooding, control is essential to prevent serious 

outbreaks. Except Rigs a few areas such as this one in California, given 

the present effectiveness of less costly alternatives and the present 

restrictions on the proposed diflubenzuron label, diflubenzuron would not 

be or could not be used in over 95 percent of the habitat. 





[Se 

Table I-6 

SUMMARY OF PRELIMINARY BIOLOGICAL AND ECONOMIC ASSESSMENT 

OF DIFLUBENZURON (DFB) USE FOR MOSQUITO CONTROL 

A. USE: Human and domestic animal health and comfort (excluding crops, areas used for food, feed, hay, pasture, 

potable water, and water for livestock). 

B. MAJOR PEST CONTROLLED: : Mosquitoes 

C. ALTERNATIVES: 

Major registered chemicals: Chlorpyrifos, fenthion, methoprine, parathion,»temophos, diesel oil, DFB (temporary permit). 

Non-chemical controls: Mosquito-eating fish, control of aquatic vegetation; elimination of breeding habitat. 

Efficacy of alternatives: Fenthion, chlorpyrifos, parathion effective against larvae and adults; oil, temophos, methopre== effect--e 

against larvae. Methoprene not effective against Culex larvae. High resistance to organophos7zAorus 

insecticides in central California. 

Comparative performance: Non-chemical controls and oil not always feasible or desirabie, as in wildlife refuges. Organ> 

phosphorus chemicals may be toxic to fish and crustaceans. 

Comparative costs: Chemical costs per acre per treatment: parathion, $0.20; chlorpyrifos, $0.60; temophos, $0.60; 

fenthion, $0.70; DFB, $1.20; methoprene, $2.00; oil, $5.40. 

Conclusions: DFB can be an effective control for mosquitoes where resistance is a problem, but label limita:ions 

restrict its use to less than 5% of current breeding habitats. 

D. EXTENT OF USE: 

Quantity of chemical: Data not available by specific chemical. : 

Expenditures: Total spending by public agencies for mosquito control estimated at $69 million in 1977. 

Acres treated: Estimated 5 million acres treated by larvicides in 1977; 30.5 million acres treated with adulticides 

(Figures may understate use); 22% are in southwest. 

E. ECONOMIC IMPACTS: 

User: Impacts expected to be negligible except in areas with high resistance problems and where alloved by 

the label. 

Consumer /Social: Possible impacts only in areas with high resistance problems. Some livestock production loss could occ=,& 

as well as decreased enjoyment and use of outdoor recreation facilities. Impacts in this area 

are expected to be minor except in the case of a human and/or equine disease epidemic. 

F. LIMITATIONS OF ANALYSIS: Lack of data on use of each control method. 

G. PRINCIPAL ANALYSTS: : EPA USDA . 

Clara Roy, Economist John Schaub, Lead Economist 

EAB, BFSD, OPP ESCS, NRED 

September 1978 
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II. PRELIMINARY BIOLOGICAL AND ECONOMIC ASSESSMENT OF 

DIFLUBENZURON FOR GYPSY MOTH ON TREES 
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II. PRELIMINARY BIOLOGICAL AND ECONOMIC ASSESSMENT OF 

DIFLUBENZURON USE FOR GYPSY MOTH 

INTRODUCTION 

Since its introduction in 1969 in Massachusetts, the gypsy moth has spread 

over most of photon ines stern states. Its range now includes the New England 

States, New York, Pennsylvania, New Jersey, and the wahadterae portions of 

Delaware, Maryland and a small portion of West Virginia. 

The gypsy moth can develop into epidemic populations which result in 

severe defoliation of a number of native hardwoods and Ree eeT onal softwoods. 

In 1977, moderate to heavy defoliation Bares on nearly 1,600,000 acres. The 

preference of the gypsy moths for oaks, one of the more abundant native 

genera can result in extensive defoliated forest areas. Other species commonly 

attacked include: apple, alder, aspen,. basswood, hawthorn, willow, and birch. 

Several native softwoods are sometimes attacked. 

e 

CURRENT USE ANALYSIS 

Registrations and Recommendations for DFB & Alternatives 

Seven chemicals are registered for use for gypsy moth control and the 

following four are recommended at rates shown on the labels: 

diflubenzuron (DFB), .03-.06 pounds ae DeLeaAcre ; 

trichlorfon, 1 pound a.i. per acre; 

acephate, .5 pound a.i. per acre; 

carbaryl, 1 pound a.i. per acre. 

Three additonal chemicals are registered: phosmet, malathion, methoxychlor. 

These chemicals are not known to be used. 
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Two biological ‘controls are registered: Bacillus thuringiensis 

(B.t.), 8 billion international units (B.i.u.) per acre; nuclear polyhedrosis 

ited (NPV) 25 million potency units (M.P.U.) per acre. These are sprayed 

in a manner similar to the chemicals. These controls have limited use and 

availability. NPV was registered for use by the U.S. Forest Service in 

Fort! 1978. Testing and further development of formulation and applications 

are continuing before general use recommendations can be made. 

Other controls include parasite-predator release and forest stand mani- 

pulation. No large scale parasite-predator rearing programs presently exist 

to permit operational use. Forest stand modifications may also be possible. 

Recent investigations have identified some of the stand criteria that appear 

to be prerequisites to problem tree mortality following defoliation by the 

gypsy moth. Manipulation of stand/composition through selective thinning 

can remove trees that are susceptibel to infestation by gypsy moth (USFS/ 

APHIS, 1978). New plantings of less susceptible species are also possible. 

Control Efforts - Past and Present 

oe efforts to control the gypsy moth were aimed at eradication and 

relied heavily on the use of lead arsenate. These treatments were Booncoren 

during the 1940's as the gypsy moth continued to spread. Post World II 

control efforts were centered on the use of DDT. The DDT control program 

was phased out approximately 1964 because of increasing concern for environ- 

mental effects. From 1962 to 1967 major reliance was placed on carbaryl, 

with approximately 2 million pounds used during this period. During the past 10 

years, 3 additional chemicals have been developed and registered: trichlor- 

fon, acephate, and diflubenzuron (DFB). Most ,recent control programs have 
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depended heavily on three of these chemicals, .carbaryl, trichlorfon, and 

diflubenzuron, with lesser use of acephate. The attached summary table 

presents the use of these four chemicals for the two major program efforts 

discussed below. 

* Current Control Programs 

The present gypsy moth problem occurs in two geographic areas, the 

endemic Northeast and scattered infestation pockets in other areas (Figure 

II-1). The general infestation area in the northeast has exhibited a 
° 

gradual spread from the original point of introduction, now covering the 

identified states. The potential for continued spread of gypsy moths covers 

almost the entire eastern 1/3 of the country and suitable habitats in the 

western states. The artificial migration of gypsy moth egg masses and/or 

_ pupae can result in successful establishment wherever suitable host trees 

are available. 

Cooperative U.S. Forest Service/State Suppression Program 

The policy for suppression projects is to initiate direct suppression 

only in high use recreational areas, residential areas, and high value 

forest land where damaging levels of gypsy moth populations develop (USFS/ 

APHIS, 1978). This program is designed to reduce gypsy moth nuisance and 

defoliation. It is not intended to stop the outbreak nor prevent the spread 

of the insect. Suppression is carried out in Pennsylvania and New Jersey 

and is presented in the summary table for 1977. High use, high value 

areas include campgrounds, recreational roadsides, rural residence areas 

and rural communities. Control efforts are initiated when severe infestations 
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develop which could result in heavy defoliation. High value forests are 

treated when surveys indicate repeated defoliation may occur resulting in 

heavy mortality of high value timber or scenic forests. 

Programs of The Animal Plant Health Inspection Service, USDA 

Two programs by this agency are directed toward prevention of spread 

and establishment of the gypsy moth into areas separated from the northeast 

infestation area. These are: (1) A control program attempting to prevent 

the accidental and artificial spread of egg masses and larvae attached to 

vehicles; (2) eradication actions intended to destroy outlying infestations 

as discovered. These programs employ only two chemicals, diflubenzuron (DFB) 

and carbaryl. 

The control program is directed principally at areas where recreational 

vehicles, mobile homes or military and other cargo move from infested areas 

to possible locations of new infestation, and relies ets on carbaryl 

by either ground or aerial application. Control programs were carried out 

in 6 northeastern states on a total of 405 sites in 1977. A total of 26,186 

acres were treated (Table II-1). Three New England states received ground 

treatments only, on a total of 1,110 acres. Sites in New York, New Jersey 

and Pennsylvania were treated by ground and air for a total of 25,076 acres. 

This control program used carbaryl exclusively. 

Eradication of outlying infestations utilizes DFB as the principal 

control, applied twice, 6-10 days apart, usually by air. An application of 

carbaryl may also be applied to portions of these eradication areas. 

Apparently successful eradication has been obtained at Palos Park, Illinois 

(two years since treatment with no survey findings of moths). A similar 

eradication was performed at San Jose, California in 1976 with no reported 

moths in 1977. 
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The following, prepared by John Kennedy of the APHIS, summarizes the 

development of plans and illustrates the evolution of control efforts expected 

in the future. 

The Animal and Plant Health Inspection Service (APHIS) is developing 
a comprehensive gypsy moth pest management program in concert with 

the Forest Service, Science and Education Administration, Federal 

Research, (FR-SEA), and the States. The various components of the 

program (regulatory, suppression, research, etc.) will be unified to 

deal with the gypsy moth in a coordinated manner at all levels. 

Included in this comprehensive program is the APHIS component invol- 

ving operational containment of the gypsy moth to begin in the spring 

of 1979. Among the strategies. that will be incorporated is the lead- 

ing edge concept to retard the natural spread of the pest. It will 

be a management program based on extensive survey, intervention with 

various techniques, and evaluation of the effect of the intervention. 

DFB is proposed for use in the intervention for treatment of foci of 

infestations located along the leading edge. The pesticide, DFB, was 

chosen because it will fit into an integrated approach since it will 

have little or no effect on the parasites and bees and has little 

effect on the other environmental factors. Other chemicals proposed 

either affect the parasites or bees or are not as effective as DFB, 

cost much more, require two applications, or have adverse effects 

which would not complement an integrated approach. (Note comparative 

effects, Table II-2.) 

By lowering the gypsy moth populations using a2 chemical such as DFB, 

the parasites will not be affected, raising the ratio of parasites 

to gypsy moths and the possibility of stabilizing the gypsy moth 

populations at a manageable level. This, along with the other posi- 

tive factors mentioned, lead us to believe that such an integrated 

control is possible. Without this material, the integrated approach 

would be less effective and much more costly. Given the material, 

chances for success are increased dramatically and cost of the over- 

all project would be held down (Kennedy, 1978). 
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PERFORMANCE EVALUATION OF DIFLUBENZURON AND ALTERNATIVES 

Pest Infestation and Damage 

Gypsy moth infestations occur typically in epidemic numbers in localized 

areas, distributed irregularly throughout the Northeastern states (see 

Figure II-1). Forests with a predominance of oak, especially when situated 

on ridges, are often favored. Dryer, rocky sites are subject to mortality 

from repeated defoliation. = 

Hardwood tree mortality is directly correlated with the number of 

successive years of heavy defoliation. Two or more years may cause 50 - 75% 

mortality. The white oaks followed by gray birch and several red oak 

species are the most susceptable. Hemlock and white pine (softwoods) may 

be killed by a single heavy Reroiacione Repeated partial defoliation 

reduces radial growth by ag much as 67% (Fairchild et. al, Draft Assessment, 

1978). 

The gypsy moth completes one generation a year, overwintering as egg 

masses attach to trees, stones, walls, logs, and other outdoor objects. 

Eggs hatch from late April to early May, larvae pupate late in June or 

early in July. Adults emerge 10-14 days later. Only males are capable 

of flight. The spread of gypsy moth is eee ned in two ways: 1) wind 

blown dispersal of the first stage larvae, and 2) transport to new areas 

of later stage larvae, pupae or egg masses. The latter stages are trans~ 

ported by mobile homes, campers, logging trucks —eCLC. 
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Comparative Performance of Control Agents 

This section addresses four preferred chemical eee and two 

biological controls which are, or show promise of being, operationally useful. 

Because of the several purposes (goals) for gypsy moth control, it is 

necessary to make selections among the control agents based on their charac- 

teristics as related to particular program goals (Table II-2). 

Population Control 

Population control is achieved when retreatment is not required the 

second year. Carbaryl (at 1.0 pound/acre) and acephate (at .75 pound/acre 

an experimental rate) have efficacy nearly equal to DFB (at .03 pounds/acre) 

judging from egg mass reduction. In addition, DFB has an ovicidal effect 

which provides population gorge, Hepa the next generation. Trichlorfon and 

acephate may be marginal in some cases, if rain follows application before egg 

hatch has been completed. Other registered chemicals are not as effective and 

not used. Biological control agents (B.t., NPV) are known to be effective 

when carefully and precisely formulated, mixed and applied. They are not com- 

mercially available in quantity and are high priced. Their effective use on 

chosen sites is complicated by precise timing requirements, selective site 

conditions, the expected health and numbers of the emerging pest generation, 

and the short effective life of the controls after application. Some 

technical problems of formulation and application method remain to be solved 

prior to widespread adoption. It is felt by some researchers that these 

controls, being highly specific to the gypsy moth and therefore environmentally 

desirable, will find their most useful role in IPM programs now being developed 

(Lewis, 1978, Personal Communication). 
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Table II-2 

Comparative Effects of Control Agents Used on the Gypsy Moth 

a TET in a Re 
PT ST 

CONTROL AGENTS 

*HARACTERISTICS Diflubenzuron Trichlorfon Carbaryl Acephate Racillus Nuclear 
thuringiensis (B.t.) Polyhedrosis Virus (NPV) 

I 
a a a oe oo 

[. OPERATIONAL PERFORMANCE 

A, RPAR Candidate xX xX X =r * : re 

B. Tolerance established on - x X X = - 

agricultural crops 

1/ ale, 
C. Dosage (lbs. a.i./acre -03 - .06 1.0 1.0 0.5 8 Bi.u-— 25 MPU— 

D. No. of Applications 1 1 1 1 2 2 

| {L. ACTIVITY 

A. Contact Poison Xx Xx x x = = 

| B. Stomach Poison x x xX : x Xx xX 

C. Rapid Knockdown & - x cee ie - - 

Mortality 

D. Foliage peacectant=" x xX x xX Xx x 

E. Ovicidal Activity K - = : = x 

F. Population Castrol!’ x xX xX x = = 

G. Pre bud-break Control xX = a Se " cf 

| III, FATE IN THE ENVIRONMENT 

A. Long Persistance x - x = = Fe 

on Foliage ’ 

| B. Short Half-Life X 
- Water x x x = x * 

- Soil x x - K x x 

TV. ENVIRONMENTAL EFFECTS 

A. Adverse Effects on non-target 

Insects (direct): 

| - parasites & predators - x x x ra : i 

- pollenating insects = va ‘s x oe . 

| B. Adverse Effects on Aquated 
Organisms (direct): 

- invertebrates x = x x ie i. 

- fish - - = ¥ ss ¥ 

C. Temporary Territory = x x x - - 

Abandonment by Birds 

1/ B.t.u. = Billion international units. 2/ "Foliage protection wouldsbe achieved) by defini ttonuwhen reset 28)son 2s 
tions 

> 

. Refoliation specifically in oaks, occurs when a tree or por 

amen cr rotency Uaits ee a than 50 percent defoliated. Population control was defined as 

achieved when retreatment is not required the following year. It was agreed 

that there may be foliage protection without population control; however, for 

successful population control, foliage protection ts assumed to be a necessary 

component." 

Source: Cypsy Moth Propram Efficacy \lorkshop, 1974. 





Foliage Protection 

Achieving protection of current year foliage requires a fast acting 

control, applied at the earliest effective time, taking into account the 

variable time of egg hatching. Egg hatching may begin early on warm sites, 

e.g. near tree tops or in open stands, yet be delayed 2 weeks or more on 

cool sites, e.g. north slopes, or under heavy shade. Thus a control 

which remains effective longer yet kills young larvae dementeihss is preferred. 

Compared to DFB Carbaryl again ranks higher. DFB can be applied pre-budbreak, 

but may permit longer feeding in cool weather, thus resulting in delayed 

foliage protection by larvae already hatched at application time. Ground 

applications must be for heavy human use areas which have several layers 

of foliage, 

Non-Target Effects 

DFB has little or no effect on gypsy moth parasites, predators, or 

bees. Carbaryl and acephate are toxic to bees and many gypsy moth parasites. 

Trichlorfon is selectively toxic to somé parasites, but is not highly 

toxic to bees. 
ie) 

Special Problems 

The DFB label was interpreted by the EPA to mean that use will be 

restricted to forested areas and cannot be used in communities. The DFB 

label also specifies the application of one treatment per year. Carbaryl 

can be used in communities if residents are warned of possible hazards. 

Acephate and trichlorfon may be used in residential areas. 
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ECONOMIC ASSESSMENT 

Profile of Impact Areas 

Economic impacts of gypsy moth infestations are felt in heavy recreational 

use areas and ae residential areas. Impacts on the timber industry 

are serious only when repeated heavy attacks on high value stands result in 

mortality and/or extensive reduction of growth. Timber values in general 

are low because timber management in most of the region is usually extensive 
. 

(as opposed to intensive). Exceptions occur on highly productive sites 

supporting large trees of commercially valuable species, e.g. white oak 

(McCay and White, 1973). In contrast to low timber value, the amenity 

values of healthy forests are generally high, deriving from recreation and 

tem: Impact on these amenity values may be severe since defoliation 

and nuisance numbers of larvae coincide with the peak summer use season 

of June and July. 

User Impacts 

The control of the gypsy moth focuses on those areas of heavy 

human use and on high value forests. Several chemical pesticides have 

been effectively used to reduce defoliation and the nuisance problems 

caused by Pateciag larvae. Mortality in severe cases of repeated heavy 

defoliation may affect property values for homes and recreation areas. 

In a study of recreation areas and homesites suffering Gypsy Moth 

attacks, Moeller et.al. (1977) reported losses of recreation use of 

54-180 person-days per year per property. Losses in recreation use were 

reported most often by home owners, less often by managers of recreation 

areas. Causes of loss were attributed mainly to nuisance and defoliation. 
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Present control programs are reasonably effective using one or more 

of the four preferred chemicals. Scouting to locate areas of anticipated 

Peicemic populations, through use of pheromone traps for flying males, and 

counts of egg masses in the fall, permits accurate targeting of these 

control efforts. 

Cancellation of DFB would have a modest eerect on these control programs 

(Table II-3). Of greater concern would be the possible unwanted side 

effects of carbaryl and acephate (on bees and the parasites/predators of 

the gypsy moth), or the uncertain yee from trichlorfon and acephate 

when rains follow application. 

Of still greater concern is the possible loss through cancellation of 

2 of the 3 remaining preferred chemicals: Carbaryl, andetrichlorfon-—are 

scheduled for RPAR examination. Program managers and researchers all agree 

that DFB, for several reasons, can be expected to provide superior control 

over the other pesticides now used. In addition, they expect that continued 

refinement of Po omaTar inne and application methods will lead to more 

effective as well as more Treen: population control in the future. The 

two years of limited use of DFB has been insufficient to complete these 

operational Pee een ee 

The use ig DFB for eradication efforts (San Jose, California and Michigan) 

has apparently been very eer en eee and has resulted in a minimum of unwanted 

side effects. 

A further effect of the loss of DFB would be to set back or handicap the 

proposed integrated approach to containment of the gypsy moth spread. The 

combination of characteristics of DFB makes it the best available chemical 

suited to a program which will complement the natural and biological controls. 
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Market and Consumer Impacts 

Due to the minor and variable impact upon timber production and the 

numerous alternative treatments available no market or consumer impacts 

are anticipated. 

Limitations of Analyses 

Operational effectiveness of DFB is based on only two years of field 

applications. Further reductions in application rates are still being 

tested. Qualitative and environmental considerations are much more 

critical than the economic impacts of withdrawal of DFB. These environmental 

considerations were not a part of this report. 
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III. PRELIMINARY BIOLOGICAL AND ECONOMIC ASSESSMENT OF 

DIFLUBENZURON FOR BOLL WEEVIL CONTROL ON COTTON 





III. PRELIMINARY BIOLOGICAL AND ECONOMIC 

ASSESSMENT OF DIFLUBENZURON ON COTTON 

INTRODUCTION 

Cotton is one of the most important crops grown in the United States. 

Approximately 12 million acres are planted annually. The value 

Beeeercon! production for 1974, 1975, and 1976 was $2.3, $2.0, and $3.3 

billion respectively. | ‘ 

The Cotton Belt in the United States is comprised of four regions 

along the Southern half of the country. The Southeast region includes 

Virginia, North Carolina, South Carolina, Georgia, Florida and Alabama; 

the Delta region includes Missouri, Arkansas, Tennessee, Mississippi, 

Louisiana, and Kentucky; the Sanaa region is comprised of Texas 

and Oklahoma; and the West’ region includes Calteoriias eons New 

Mexico and Nevada. 

A variety of insect pests infest cotton, but those of major concern 

in this analysis are the boll weevil and the bollworm-tobacco budworm 

complex. Application has been made to EPA for registration of diflubenzuron 

to control boll weevil. If registered, its use would also contribute to 

control of the bollworm-tobacco budworm. Unlike the currently used 

insecticides, diflubenzuron does not interfere with natural predators 

of this worm complex. 
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BIOLOGICAL ASSESSMENT 

Major Cotton Insects 

The boll weevil, Anthonomus grandis grandis Boheman, is the cotton 

insect controlled by diflubenzuron Coe. This pest infests 

two-thirds of the eoteon acreage extending from the eastern two-thirds 

of Texas and Oklahoma through the Delta and Southeast regions, 

causing severe yield losses when uncontrolled. Treatment measures for 

this pest are required annually from Texas to the Atlantic Seaboard. 

Table III-1l indicates the cotton naire subject to boll weevil 

infestation by region. 

Boll weevil populations require food and favorable weather to 

increase. Cotton squares (compared to cotton bolls) are the preferred 

medtim for egg-laying and provide a food source for development of the 

immature weevil. A mean temperature in the low 80's is optimal for rapid 

weevil population ances Under such favorable conditions insect 

populations increase 2.5-fold weekly. Dry weather may reduce this 

rate drastically. At a 2.5-fold weekly rate of increase, the seasonal 

weevil population would increase approximately 100-fold in six weeks 

and 1,600-fold in nine weeks. 

The second major insect pest of cotton in the regions of concern (Texas to 

the Atlantic Seaboard) is the bollworm-budworm complex, Heliothis zea 

(Boddie) and H. virescens (Fabricius). Other pests of cotton include 

thrips, aphids, cutworms, plant bugs, flea hoppers, and spider mites. 
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‘Table III-1 

Cotton Acreage Subject to Treatment for Boll Weevil Infestations 

Extensive "Average (Weighted 
Acres af (Maximum) b Average Annyal) 

Region Planted— Infestation— Infestation— 

Areas subject to boll weevil 

Southeast 1,069 1,060 963 

. Delta Be735 2,019 1,298 
Southwest (east) 2,448 1,446 Tos 

Subtotal 7h aay 4,522 | 3,454 

Other growing regions 

Southwest (west) Ze Oz . - = 

West le 5I3 - = 

Subtotal ; 4,295 0 0 

Total 11,547 4,522 3,454 

Cee enc nc rrr aan aeereeraaereeeee earn ee att taIttEIIEESEEE SRE naEsSnnEa ana 

a USDA, ESCS. 1978. Crop Production Annual Summary. CrPr2-1 (78). 

pb’ Estimated by Federal/State/EPA Diflubenzuron Assessment Team for Cotton. 





‘The most damaging of these pests are the boll weevil and the bollworm- 

budworm complex. It has been reported that if thrips, plant bugs, and 

spider mites are not treated the yield losses would be less than 10 percent. 

However, if boll weevils and bollworm-budworms are not treated yield 

losses could be so great that harvesting the crop would not be profitable 

Mpbenord, 1977). 

In addition to insects which damage cotton, beneficial insects 

are also associated with the crop.+ The importance of predators in 

regulating populations of bollworm-budworms has been recognized for many 

years (Quanintance and Brues, 1905; Fletcher and Thomas, 1943; Ewing 

and Ivy, 1943;; Whitcomb and Bell, 1964; vanden Bosch and Hagen, 1966; 

Lingren et al, 1978). Ridgway (1969) found in Texas that 10 to 15 

species of beneficial insects ore probably the principal regulators of 

budworm-bollworm populations. Some of the more important predators 

are the big-eyed bugs, Geocoris spp.; damsel bugs, Nabis spp.; flower 

bugs, Orius spp.; green lacewings, Chrysopa spp.; and lady beetles, 

Hippodamia spp. and Coelophora spp. Under natural conditions these 

beneficial insects frequently maintain bollworm-budworm populations 

below injurious levels early in the season. — The use of selective 

insecticides which do not destroy these predators and parasites not 

only conserves naturally occurring beneficial insects but also allows 

the supplemental releases of additional predators. 
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Currently Used Insecticides 

Table III-1 presents the geographical extent of boll weevil 

infestation subject to treatment. A total of 7.3 million acres of cotton 

are infested with boll weevil, but all will not necessarily require treat- 

ment. Of this total acreage, 4.5 million acres are estimated to receive 

insecticidal peermente for boll weevil during an extensive or worst case 

infestion ete The average of all years shows that approximately 

3.5 million acres receive insecticidal treatments. 

The presently used insecticides for boll weevil control and boll- 

worm-budworm are listed in Table III-2. These insecticides are predominantly 

organophosphorus compounds. They are applied at 5-7 day intervals 

during the cotton fruiting period to protect the plant from boll weevil 

and bollworm-budworm damage. Insecticide treatments are initiated in 

early spring and continue through late summer, thus controlling both the 

boll weevil and the bollworm-budworm complex. 

Diflubenzuron 

Peetisenzuron is a specific action insecticide which can be applied 

to prevent boll weevil reproduction without significantly interfering with 

natural control provided by the parasites and predators of the bollworm- 

budworm complex. The efficacy of diflubenzuron against the boll weevil has 

been demonstrated by researchers who have tested it at many locations through 

the cotton belt (Coakley, 1976; Lincoln, 1977; Ganyard, 1977) .2/ 

1/ Extensive infestation refers to the geographical extent of pest 

populations. It does not refer to the intensity of pest infestation 

(i.e., numbers of pests per square foot). 

2/ Appendix III-A summarizes field. tests demonstrating the efficacy of 

diflubenzuron in controlling boll weevil populations and maintaining 

beneficial insect populations. 
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Table III-2 

Recommended Application Rates of Currently 

Used Insecticides for Boll Woe and 

Bollworm-Budworm Control= 

Recommended Application Rate / 

Insecticide Boll Weevil Bollworm-Budworm— 

---------- lbs. a.i./acre -------- 

Methyl Parathion hres) a Ls) she SS aba: 

Azinphosmethyl On2 oe -- 

Malathion Ome — el.) -- 

EPN + Methyl Parathion ee ace 3 9S al hve diay Ge 

0n258—"0. 05 Oem 2 
Monocrotophos 0.6 - 1.0 OF6>—- 2.0 

Toxaphene + Methyl Parathion Ost. 5 EO SS Aes 

Onis BhSe, 
Methomyl -— 0.45 - 0.67 

a/ _USDA/State/EPA Diflubenzuron Assessment Team for Cotton. 

b/ These insecticides may not be effective against resistant tobacco 

budworms. 
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Present research findings and expert opinion across the cotton belt 

indicate that 6 applications of diflubenzuron applied at weekly intervals 

at the rate of 0.0625 lbs a.i./acre (1 ounce per acre) will effectively reduce 

boll weevil populations below economically damaging infestation levels. 

In addition, EECCA reduces bollworm-budworm control costs 

because predators and parasites provide mid-season nate Oh rites 

the need for insecticide applications. The application of currently 

used insecticides interferes with the natural predators and parasites of 

the bollworm-budworm complex, thus allowing rapid increases in the bollworm- 

budworm population. With the use of diflubenzuron, the beneficial insects 

are not destroyed and the bollworm-budworm populations are more likely 

to be maintained at a level below the economic threshold, at least until 

later in the season. Therefore, the initial treatment specifically for 

bollworm-budworm can be delayed. 

Non-Chemical Control 

Various forms of non-chemical control may be used in a cotton pest 

Management program. These measures include: pheromone traps, development 

and use of early maturing varieties of cotton, non-toxic chemicals, 

naturally occurring and/or supplemental parasitic and predator controls, 

release of sterile male insects, viruses and bacteria released to reduce 

pest populations, and new cropping and tillage techniques. Some of 

these non-chemical measures are currently used in combination with broad 

spectrum insecticides. The substitution of diflubenzuron would provide 

an opportunity for increased usage of these non-chemical pest controls. 
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ECONOMIC ASSESSMENT 

In the economic assessment of diflubenzuron use on cotton, 

cost-of-control impacts resulting from the substitution of diflubenzuron 

for currently used insecticides were evaluated at the grower level 

(user impacts). Cotton production impacts and impacts on cotton 

consumers were also addressed, but in less detail. 

Procedures for Estimating User Impacts 

Because diflubenzuron is not registered for use on cotton, critical 

data on price and market share needed for this analysis were not available. 

Consequently, the cost-of-control impacts on cotton growers (insecticide 

users) were estimated by comparing the current insect COMLTOLSCOSES, 

from farm budgets prepared under, the USDA Firm Enterprise Data System 

(FEDS), with estimated insect control costs using diflubenzuron. 

The analysis Raretees the joint insect problem of boll weevil 

and bollworm—budworm infestation. As described in the "Biological 

Assessment", diflubenzuron is most useful in areas with both these 

insect pests, because it controls the boll weevil as effectively as 

the currently used insecticides and, in addition, contributes to 

ee budvorm control by not interfering with the natural predators 

of this complex. 

In this economic analysis two regimes for the control of boll 

weevil and the bollworm—budworm complex were compared - one representing 

the currently used insecticides (currently used insecticides regime) 

and the second representing a combination of diflubenzuron, natural 

predators, and currently used insecticides (diflubenzuron regime). The 

savings in control costs realized by using the diflubenzuron regime were 

the measure of benefit from using diflubenzuron. 
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Diflubenzuron Regime — Boll Weevil Control 

The boll weevil control portion of the diflubenzuron regime consisted 

of eestment of 1 ounce of diflubenzuron a.i. applied with 2 quarts of 

paraffinic oil per acre as described in the "Biological Assessment". A 

suggested retail price of $3.00 per ounce a.i. was used in this analysis 

for the diflubenzuron a.i. (rnenneon Hayward, 1978). The cost of the 

paraffinic oil used in the formulation was $0.80 per gallon (2 quarts 

per acre-treatment). Aerial application costs, presented in Table III-3, 

varied by state from $1.00 to $1.75 per acre-treatment. The cost of 

this control, including both materitals and application, ranged from 

$4.40 per acre-treatment to $5.15 per acre-treatment. Treatment costs 

for the 6 annual treatments for boll weevil control ranged from $26.40 

per acre in Alabama to $30.90 per acre in Texas. 

The bollworm-budworm control portion of the diflubenzuron regime 

consisted of the control eee by natural predators left undisturbed 

by the diflubenzuron treatments, plus late-season application of currently 

used insecticides. These controls were priced from the FEDS budgets 

and will be described below in the narrative about Table III-5 and 

these budgets. 

Currently Used Insecticides Regime 

The currently used insecticides regime relied on survey data of 

1/ 
insect control costs, as reported in the FEDS— budgets. These budgets 

1/ The Firm Enterprise Data System (FEDS) is a system of budgets and 

7 cost-estimating procedures operated by ESCS, USDA research staff 

stationed at Oklahoma State University. This system is used to 

provide annually updated production cost, estimates between years 

when farmers are surveyed and to provide production cost projections 

for the upcoming crop year. Based on 1974 farm production practices, 

194 budgets for 10 crops have been prepared with this system. 
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Cost of Aerial eaiies tions. 

er 
——————————— 

Application Cost 

Region and State | 1.00 Teo Loco 1.50 Nesfie) 

—--— dollars per acre —_—_——_—-—— 

Southeast 

Alabama x 

Georgia x 

North Carolina x 

South Carolina x 

Delta 

Arkansas x 

Louisiana x 
Mississippi 
Missouri 

Tennessee bd bd 

Southvest 3 

Oklahoma x 

Texas 
x 

a 

a/ Entomologists cooperating with USDA/State/EPA Diflubenzuron 

Assessment Team 
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represented average costs of controlling all cotton insects per acre 

emecr rently used insecticides. 

The average boll weevil control cost with the currently used 

insecticides, including materials and application cost, was estimated 

to be $3.00 per acre-treatment (Lloyd, 1978). This is somewhat lower 

than the $4.40-$5.15 per acre-treatment cost of using diflubenzuron. 

Because of the relatively high cost of diflubenzuron as a boll weevil 

suppression material, it was assumed that this insecticide could only 

be used in an economically efficient manner on acreage eee high 

rates of insecticide application. Based on this assumption, diflubenzuron 

would only be used on acreage with current insect control costs exceeding 

$45.00 per acre. 

These two criteria - (1) areas with both boll weevil and bollworm- 

budworm infestations, and (2) insect control costs exceeding $45.00 per 

acre -— identified 1l FEDS areas (Table III-4) where diflubenzuron might 

be used on about 1.5 million acres (Table III-5). 

Table III-5 shows the total insect control costs per acre for 

each of the FEDS areas (Column 1) in the anrieet ey, the costs of the 

currently used insecticides regime (Column S)pmandsthescost. of 

bollworm-budworm control in the diflubenzuron regime (Column 7). In 

addition, it shows the difference in control costs between the two 

regimes on both a per acre and aggregate basis. The following paragraphs 

will eee each calculation. Appendix III-B contains an example 

of these calculations using FEDS area 400 in Georgia. 
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Table ILI-4 

Insect Control Costs by Firm Enterprise Data System Areas, 19773/ 

a SESE a Tw a TRS 

. : Insect Control 
Insect Control Costs Total As a Percent 

Acreage Insecticide Application Variable Of Variable 

Region and State FEDS Area in Area Yield Cost Cost Total Cost Cost 

1,000 acres lbs/acre ------------------- dollars/acre—--------- ------ = percent 

Southeast : 

Alabama 100-200 81.1 407.8 42.24 8.59 50.84 220.69 23 

500 67.0 401.9 34.60 6.87 ” 48.24 216.41 22 

600 244.9 361.2 34.60 4.81 39.41 189.09 21 

Georgia 400 isig dl plbyy74 73.68 18,57 92.24 Maye) 34 

500 Die 409.2 62.55 18.34 80.89 252691 32 

North Carolina All 56.0 390.0 68.78 16.97 85.75 238.69 36 

South Carolina 100 47.4 459.9 54.79 _ CYifeh — % 222.67 25 

200 45.7 476.5 67.58 34.39 101597 262.42 39 

Delta 

| Arkansas 200 276.0 440.0 16.02 14.87 30.89 156.01 20 

300 383.6 489.0 21.87 PsA) 24.17 162.00 15 

Lousiana 100 289.0 512.0 50.53 14.38 65,00 218.13 23 

Mississippi 100 Bas} 443.0 50533 18.00 65290 215.39 32 

200 250.9 463.0 14,03 14.38 28009 215 ao2 13 

300 45.2 280.0 Peas} 13.24 38.58 168.65 23 

Missouri . 400 220.90 429.0 2.00 0.12 Zei2 134.19 2 

Tennessee “100 302.8 390.3 9.63 P28 9.63 151.68 6 

Southwest 

| Oklahoma 300 269.7 208.0 0.11 0.46 0.57 69.58 0.8 

300 50.0 386.3 Lo 6.81 8.39 152.23 BOE) 

Texas 200 1,160.5 228.0 Vat 0.14 Tea oye 64.78 2 

| 200 1,420.4 262.8 0.45 : 23.06 0.58 105.12 0.5 

300 912.5 22 1ie9 0.42 0.46 0.88 61.00 1 

| ‘ 300 80.0 367.0 1.56 Vaz 2.98 140.79 2 

400 76.3 254.8 0.44 0.44 0.87 69.23 1 

60 55.5 377.3 81572 14,90 46.62 159.99 29 

| 600 55.9 456.1 41.05 18.34 59.40 236.90 25 

900 : 384.9 184.0 7.58 boa? 9.30 72.05 st} 

1,000 104.8 442.3 19.90 : 6.42 26552 147.05 18 

ee ere eee
 

a/ USDA, ERS. Firm Enterprise Data System. Prepared in cooperation with Oklahoma State University, 1975. ‘ 

b/ No custom application reported by FEDS, 1975. 





Table III-5 

Representative Boll Weevil and Bollworm-Budworm (Heliothis) Control Costs for 

Currently Used Insecticides Regime and Diflubenzuron Regime, by FEDS Area, 19778! 

. 

Control Costs with Residual Cost of Savings from Use of 

on and FEDS Area Acreage Currently Used Insecticides Value of Heliothis Difluben- Diflubenzuron Regime 

te in Area All Boll Heliothis— Natural Contrgl zuron Per Feasible Aggregate 

I Weevil = : / / : 
nsects— eev Predators— Cost— Regim Acre— Acreage 

and ee 

Heliothis— 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

heast 

abana 100-200 81.1 $0.84 41.94 23.94 7.66 16.28 42.68 n) _ fo) 

P 500 67.0 48.24 39.80 21.80 6.98 14,82 41.22 0 -- i) 

breta 400 fel 92.24 90.12 60.12 18.04 ° 42.08 71.48 | 18.64 Soi/ 1,411.0 

500 : 57.3 80.89 79.03 49.03 14.71 34.32 63.72 15.31 Byhad! 877.3 

eth 
: 

farolina all 56.0 85.74 61.74 41.74 OTT 20.00 49.40 12.34 56.0 691.0 

th 
’ : 

atolina 100 47.4 54.73 49.80 28.80 heey * 27.65 54.65 0 — fn) 

200 45.7 101.97 92.79 71.79 287 68.92 95.95 0 —_ 0 

Total : 430.2 
189.0 2,979.3 

ia 
- 

wuisiana 100 289.0 65.00 58.18 43.18 16.41 26.77 54.67 slaopl 289.0 1,014.4 

ississippi 100 (BS 68.29 62.14 47.14 22.16 24.98 54.38 7.76 7AZN5 5,529.0 

‘Total 1,001.5 
1,001.5 6,543.4 

2 

bas 600 5575 46.62 41.96 17.96 10.78 7.18 38.08 3.88 55.5 215.3 

600 55.9 59.40 53.46 29.46 1768 ee 11.78 38,78 14.68 E5529 __ 820.6 

"Total Sales, 
111.4 1,030.0 

Ae 56361 

a1, 30159 10,558.7 

B43. ————— 

USDA, ERS, Firm Enterprise Data System, prepared in cooperation with Oklahoma State University, Stillwater Oklahoma, 1975. 

All costs have been inflated to 1977 price level. 
Includes spidermites, thrips, leaf hoppers, etc. in addition to boll weevil and bollworm-budworm. 

£ 

Cost of currently used insecticides regime. Calculated by subtracting control costs for all insects except boll weevil and bollworm-budwora from 

Column 3. These costs estimated by USDA/State/EPA Diflubenzuron Assessment Team for Cotton. 

Colum 4 minus boll weevil control costs, ($3.00 per acre-treatment). 

Estimated by USDA/State/EPA Diflubenzuron Assessment Team for Cotton 

Column 5 minus Column 6. 

Column 7 plus the cost of diflubenzuron for control of boll weevil (6 applic 

and application (Table III-3)). 
Column 4 minus Column 8, 

ations times cost of material ($3.40 per application) 

Sf) 





Column 3, the "Total Insect Control Cost per Acre", is the cost 

of Bereroiling all cotton insects in individual or multiple FEDS 

areas with currently used insectcides. The most recent FEDS budgets 

available, containing 1975 data were used in this analysis. These data were 

adjusted to the 1977 price level using a composite inflator of 14 

leading economic indicators (USDA, 1978a). The cost of aenemia war 

spider mites, trips, leaf hoppers and other insect pests Ofecotcou 

which are not susceptible to diflubenzuron, in addition to boll weevil 

and the bollworm-budworm complex, are included in these total EELS. 

Column 4 contains the control costs for en weevil and the bollworm- 

budworm complex for the currently used insecticides regime. . These 

numbers were calculated by subtracting the costs of controlling insects 

not susceptible to diflubenzuron from the total control costs. To 

estimated these control costs, the USDA/State/EPA Diflubenzuron Assessment 

Team for Cotton estimated one number of acre-treatments and multiplied this 

percentage by the total insect control cost per acre for each FEDS 

area. These non-affected insect control costs were subtracted from 

the total costs to calculate the control cost for boll weevil and 

bollworm-budworm using current insecticides. 

Diflubenzuron Regime —- Bollworm-Budworm Control 

Columns 5 to 7 display the results of estimating the cost of 

controlling the bollworm-budworm complex in the diflubenzuron regime. 

Column 5 is an intermediate step showing the control costs for the 

bollworm-budworm complex with currently used insecticides. These 

costs were calculated by subtracting boll weevil control costs from the 

costs of currently used insecticides from Column 4, These boll weevil 





control costs were estimated by multiplying the average cost of $3.00 per 

application by the number of applications per year, provided to the 

Assessment Team by cooperating entomologists in the states affected (see 

Appendix III-C). 

The value of natural predators in controlling the bollworm-budworm 

complex (Column 6) was estimated by the Assessment Team utilizing 

information from cooperating entomologists familiar with research on 

natural predators. The evaluation compared the number of acre-treatments 

with the currently used insecticidesy regime necessary to control the 

bollworm-budworm complex ech the number of acre-treatments of diflubenzuron 

regime (see Table III-6). The percentage change in acre-treatments 

from the currently used insecticides regime to the diflubenzuron regime 

was multiplied by the cost of bollworm-budworm control with currently 

used insecticides (Column 5 in Panle III-5) to obtain the value of 

natural predators. 

’ Column 7 shows the cost of late-season control of the bollworm-budworm 

complex in the diflubenzuron regime using current insecticides. 

It was calculated by subtracting the value of natural predator control 

(Column 6) from the current control cost (Column 5)e 

The total costs of the diflubenzuron regime are tabulated 

in Column 8. These figures are the sum of sh era eoesial control 

costs using diflubenzuron and the bollworm/budworm control costs from 

Column 7. 

Cost-of-Control Savings 

The difference between the two control regimes (Column 4 minus 

Column 8) is tabulated in Column 9. If this difference is negative, 

i.e., the diflubenzuron regime is more costly than the currently used 
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Table III-6 

Number of Acre-Treatments for Bollworm/Budworm Control Corresponding with Current Practice and Diflubenzuron Use to Control Boll Weevi12/ 

SS 

Change in 

: ; Number Percent 

and State eee Acre-Treatment for Bollworm/Budworm Control Of Acre Change from 
Current Practice Diflubenzuron Treatments Current 

Light Moderate Extensive Weighted Light Moderate Extensive Weighted For Practice 

Average Average Control 

=~ —-- - —— -- -- - —— - —— - - -- --- - —— - — -——---- thousand acre-treatments -m mmm nn me rn rn nnn Percer: 

ast ; 
jabama 3,205 37O22 3,894 3,782 Pla ees A ek) 2,643 2,570 =a 2iZ 32 

eorgia 1,644 3,861 4,304 33929 1,083 ideals 3,056 2,330 2 Shek) 30 

orth Carolina 103 870 870 793 79 692 692 631 - 162 20 

outh Carolina 2,034 PIP PARP Zigeos 1,684 2,208 2,208 Zyl 76 => oh 4 

| Total : -- -- -- 10,157 -- -- -- 7,637 -2,470 24 

kansas eo se 2,065 4,827 2,342 586 1,179 735, USN! 15332 -1,007 43 

ouisiana 1,828 Pe Tey! PY S71 SYE) Zig 1,138 eee Teal 1,604 - 967 38 

lississippi 976 2,439 4,789 2,998 425 1,588 1,970 1,586 -1,412 47 

lissouri . _ -- 202 20 -- —_ 164 16 - 4 20 

‘ennessee _ ships) 2,284 1,370 -- 645 . 964 579 = 7Aht 58 

fotal -_ -— -- Chastagl = — — 5,120 -4,181 45 

rest | 
I : 
)klahoma 342 836 1,520 943 147 364 658 409 - 534 57 

lexas: 

| Region 2 782 1,045 Lov esp Gil 38 51 76 54 -1,057 95 

Region 3 413 15565 1,627 Leo 92 343 363 326 -1,149 78 

Region 4 77 79 82 80 48 50 52 50 - 30 50 

Region 5 2,039 23133 2,290 2,174 601 628 651 632 -1,542 71 

Region 6 203 265 360 262 104 120 183 ipatl - 135 52 

Region 7 202 236 295 250 172 135 165 142 - 108 43 

otal 6 Texas 

rotton Regions -_ -- -- 6,295 aS == 5 == 1,740 -4,555 72 

ate a == 25,753 os os: -- 14,547 -F1,206 44 

een 
ee 

‘stimated by USDA/State/EPA Diflubenzuron Assessment Team for Cotton 





insecticides regime, a zero is entered in the column. In FEDS areas 

where this occurs it was assumed that diflubenzuron would not replace 

the currently use insecticides. 

Only those areas with savings from the diflubenzuron regime 

were considered likely to use diflubenzuron. Since each area was 

assumed to be homogeneous, all of the acreage in an area was assumed 

to be converted to diflubenzuron if any was. This acreage was termed 

"feasible acreage" (Column 10). 

Aggregate savings in cost of control (Column 9 multiplied by 

Column 10) from adopting the diflubenzuron regime are tabulated 

ine Column 11. 

Key Assumptions and Limitations 

ig A proposed boll weevil treatment menednie for diflubenzuron of 6 

applications of 1 ounce per acre was used for purposes of analysis. 

The proposed label does not restrict the amount applied to 6 ounces 

per year. If Sie eRe of diflubenzuron applied in a season differed 

from 6 ounces, the results of this analysis would change. 

ihe Diflubenzuron is not registered and has not been marketed for use 

on cotton. Consequently, data critical to this analysis, such as 

retail price of diflubenzuron and acres treated, were not available. 

| A manufacturer suggested retail price for diflubenzuron Ofess.UC 

per ounce active ingredient was used in the anlaysis. Acreage 

| treated was estimated from a series of calculations based on 

/ subjective estimates of entomologists in affected states. 

i_ 3. The FEDS budgets were assumed to represent costs for controlling 

all insect pests of cotton with currently used insecticdes in 

an average infestation year. It was also assumed that those areas 

selected as feasible for adoption of the diflubenzuron regime, i.e., 
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those areas with total insect control costs exeeding $45.00 per 

acre, had a serious bollworm-budworm infestation. In addition, 

it was assumed that natural predators could control a bollworm-budworm 

infestation for a sufficiently long period of time to reduce the 

number of insecticide applications to control this worm complex. 

td 

User Impacts 

Cost-of-—Control Savings 

The analysis identified 1.3 million acres where the diflubenzuron 

e 

regime for suppression of boll weevil and control of the bollworm- 

budworm complex would be used because it was more cost efficient than 

the currently used insecticides regime (Table III-5, Column 10). 

The 1.3 million acres is approximately 18 percent of the total boll 

weevil infested cotton acreage. The percentage of total cotton production 

acreage identified for diflubenzuron use in each region is: 18 percent 

in the Southeast, 27 percent in the Delta, and 2 percent in the Southwest. 

The total decrease in insect control costs for all regions is $10.6 

million. The Delta accounted for most of this total with approximately 

$6.5 million, followed by the Southeast with $3.0 million and the 

Southwest with $1.0 million. The weighted average savings per acre 

was $7.80. The regional average cost savings per acre were S150, 

$6.53, and $9.25 for the Southeast, Delta, and Southwest regions, 

respectively. The FEDS area with the largest cost savings per acre, 

$18.64, was in Georgia, while the area with the highest aggregate 

savings, $5.5 million, was in Mississippi. 

The value of natural predators ranged from Sip lOepere acres 

South Carolina to $22.16 per acre in Mississippi. This value 

represents the cost of the displaced insecticide treatments for 

bollworm—-budworm control. 
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Change in Production Value 

No yield effects were associated with adoption of the diflubenzuron 

regime. Consequently, there was no change in the value of production 

in this analysis. 

However, it was the consensus of the cooperating entomologists that 

cotton yields would increase because of 1) a reduction in the amount of 

organophosphorus insecticides resulting in earlier plant earrte and 

2) greater control of resistant varieties of tobacco budworm by beneficial 

insects. 

If a yield increase of 5 percent were realized on the 1.3 million 

acres that could be treated with diflubenzuron, approximately 29.7 

million pounds of additional cotton could be produced. Gross revenue 

from these acres would increase $15.6 million annually. This increased 

output would probably depress market prices, ceteris paribus, but 

these price reductions would be minimal (see Appendix III-D). 

Consumer and Social Impacts 

Consumer impacts were not estimated. ‘If the entomologists are 

correct and there are some yield effects from adopting the diflubenzuron 

regime, it is expected that the effect on cotton production would still 

be too small to affect price or availability at the consumer level. 

However, there may be some social impacts from the use of 

diflubenzuron, since it has been estimated that 488,000 pounds of 

diflubenzuron would replace 5.6 million pounds of boll weevil suppression 

materials and 8.3 million pounds of bollworm-budworm suppression materials 

annually (see Appendix III-E). 





DRAF'T 

9/29/78 

Use of Diflubenzuron in the Boll Weevil Eradication Program 

Background 

The Federal government in cooperation with the states, currently 

is investigating the technical and economic feasibility of instituting 

a beltwide boll weevil eradication program. The activity is being 

initiated with a trial eradication program for a selected area in North 

Carolina. The agency within the USDA responsible for managing the trial 

eradication is the Animal Health and Plant Inspection Service (APHIS). 

However other USDA Agencies including SEA and ESCS and the state experiment 

station and extension services are involved in biologic and economic 

monitoring and evaluation to assess the overall biologic and economic 

feasibility. If there is a beltwide eradication program it ds expected 

that it will be initiated in the east and gradually extend to other 

contiguous infested areas. 

The purpose of this report is to appraise two alternative control 

regimes proposed for use in the eradication effort. One regime utilizes 

conventional insecticides currently in use, and the other regime utilizes 

conventional insecticides and a chiton-inhibitor, diflubenzuron, not 

presently registered for boll weevil suppression. 

The eradication technology employs the integration of chemical, 

biological, and cultural control measures. The eradication trial strategy 

currently contains provisions for the following elements. 

1. Inseason control with insecticides 

EM Late season reproduction-diapause control involving: 

a. Insecticides to reduce over wintering populations, and 

56 
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b. Destruction of food by defoliation and stalk destruction 

3. Pheromone traps 

4. Release of sterile boll weevils 

Diflubenzuron has been proposed to augment the present eradication 

strategy. Its advantage is that it's specific mode of action does not 

interfere with the sterile release component of the eradication, since 

it does not kill mature adults, but does cause eggs to be infertile and thus 

prevents subsequent generations. At the same time, it helps prevent a 

flair-up in the bollworm - budwcrm problem because the natural enemies of 

‘the Poon - budworm, are not eliminated as they are with the use of 

conventional insecticides. 

Comparison of Potential Beltwide Eradication Program Options 

Expenditures and finance estimates for the two program options are 

based on a representative per acre cost and are expanded by the 1974-76 

average cotton acreage in three cotton producing regions. 

a. Preliminary Year 

Both alternative eradication programs would include normal over- 

head and/or startup expenditures such as building, transportation, 

and personnel costs. These costs wovld be incurred for both programs 

and are included in first year operational expenditures. 

bee Firsteyear 

The proposed activities of the first year programs are distinctly 

Avererent! The major difference between the two alternatives is the 

intense Spare conventional chemical control required the first 

year to suppress boll weevil populations if diflubenzusron is not 

56a 
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available. The operational activities of the first year without 

diflubenzuron include complete insect control and application of 

harvest aid chemicals (the last item being optional at grower's 

digression) to be performed by USDA/APHIS. The chemical control 

materials used would be similar to current cotton insect control 

practices (i.e., boll weevil-malathion and guthion, and bollworm/ 

budworm-EPN plus methyl parathion and toxaphene plus methyl parathion). 

The total expected average number of insecticide applications is 

dependent upon existing pest pressures (i.e., the estimated number of 

applications for South Carolina is 11-15 applications) . The financing 

of the expenditures is a 50% - 50% grower and state and federal 

government agency cooperative effort. 

The first year of the alternative with diflubenzuron, would be 

a monitor year for the program concentrating on infestation surveys. 

The monitor effort would consist of traps and cooperation from existing 

management and survey programs conducted by the USDA Extension Service. 

Also, ideally pest management education programs would be conducted 

at the same time. These activities are not considered in the USDA/ 

APHIS operating budget. A monitor effort would be designed to pinpoint 

areas of heavy boil weevil infestation with recommendations made to the 

grower for voluntary diapause treatment. 

A comparison of the first program years expenditures illustrates 

the major cost savings achieved by the use of diflubenzuron. Since 

the first year with difulbenzuron does not rely on mandatory applications 

of conventional insecticides, there is a saving in program costs. 

ee RS Ae expenditures for materials are inpart offset by the 

cost of diflubenzuron in the second -pregram year. However, further 

56b 





Savings are realized in this year by fewer personnel and overhead 

costs necessary for the enactment of the T eRe Eee all season insect- 

icide applications necessary without diflubenzuron. This savings is 

approximately $8 million or 50% of the total change in cost (see 

summary table). 

Cameoecona year 

The without diflubenzuron program would treat with current 

chemical controls for boll weevils at the pinhead square stage of 

Enescotton pliant... occerile male boll weevils would then be released. 

In-season chemical controls would be used only for heavy population 

areas in late stages of the growing season for both alternatives. 

The with diflubenzuron second year initiates the control measures 

of diflubenzuron use and sterile releases. The personnel and over- 

head costs are similar to the first year with diflubenzuron program. 

ds stnird Year 

The third year is a monitor year for both programs. There 

would be some chemical or diflubenzuron treatments for any areas 

with remaining infestations. However there would be no extensive 

in-season boll weevil treatments. Sterile insect releases would 

continue. Personnel and overhead costs are similar. 

e. Summary 

The distinguishing difference between programs Leathatcethe 

use of diflubenzuron would reduce the major operational activities 

of suppression to two years where, without diflubenzuron, the operational 

activities are in effect for three years. The most notable cost 

differences between programs are reduced personnel years and one less 

56c 





year of building and transportation costs. 

Comparative Expenditures and Financing 

The regional and summary tables itemize the types of expenditures - 

include in the boll weevil eradication program. A major cost difference 

between the regimes is the operation of the first program year. The cost 

per acre of a government operated insect control program for the first year 

fSeo01.00! 

The government insect control program poulegnee be necessary if 

diflubenzuron is used, however, a voluntary reproduction diapause control 

program to be initiated by the grower would be an additional $11.00 to 

B20 s0CspeLeacre, but 1s not part of the joint finance agreement. The 

savings to the operating expenditures are in terms of neal controls not 

used and in the personal and overhead necessary to supervise and apply 

them. The personal and overhead savings are $15 million, $36 million, and 

$16 million for the Southeast, Mid-South, and Southwest, respectively. This 

cost difference is reflected in the disproportionate finance costs for the 

state and federal government and grower in the first program year. Th 

total savings in expenditure by using diflubenzuron is $161.1 million. The 

savings accruing to the state and federal government is $115.6 million and 

$45.5 million to the growers. 

56d 
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Table III --10 ., 

Comparative expenditures for two alternative boll weevil eradication programs 
e 

e 

Summary Table 

Repion * Acres Without ° With * Change in 
: treated Sebi lupenzuron: Diflubenzuron: cost 

Million acres --------- dollars) (ove ee 

Southwest ee 

focal (000) eli 21.6 melo 2 Ou 44,403 

Per acre OL SRA 40. 

- Mid-South Sy 

mrotal (000) '-489,590 , 401,646 87,944 

Per acre eae moc ae 24% 

Southwest _ 226 ae “ai 

Total (000) 288,610 259,826 28,784 

Per acre yiiies 99. 112 

aoe Lotal 7.4 ty. 
Total (000) 955,416 794,285 161513) 

Per acre oe 107 22. 

a 
ae a a SE I a SSIS SST 
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Appendix III-E 

Estimated Substitution and Displacement of Current Control Regime Insecti- 

cide Materials by a Diflubenzuron Regime for Suppression of Boll Weevil 

and Bollworm - Budworm on Expected Use Acreage 

The use of insecticides on cotton is of concern to growers in 

attempting to minimize the costs of producticn and to the public for 

health and environmental reasons. Diflubenzuron use based on existing 

data and expert opinion may serve as a substitute for existing boll weevil 

suppression materials. Also, diflubenzuron affects only the boll weevil 

‘and not the natural enemies of the bollworm - budworm complete therefore, 

natural enemies are maintained. The maintenance-of these natural enemies 

should delay the beginning of the control schedule for bollworm/budworm 

thus, displacing a few costly and intense insecticide treatments. 

Table III-E contains estimates of the quantity of current, popular 

materials that would be substituted for and displaced by a diflubenzuron 

regime. The distribution of materials is from the 1976 National Pesticide 

Survey (preliminary USDA data) and is considered homogeneous across the 

regions for purposes of this analysis. The conventional insecticide materials 

listed are not exact substitutes in all cases (often user preference, 

atomospheric, and agronomic conditions dictate the choice of materials). Tne 

number of acre-treatments and the rates of application are from the USDA/State/ 

EPA Diflubenzuron Assessment Team. The quantity of diflubenzuron used is 

calculated from the proposed total rate scheduling of 6 ounces ‘per acre year. 

56 j 





An estimated total of 132.3 mil. pounds of chemicals would be displaced 

by a diflubenzuron regime. Of this amount about 5.6 mil. pounds of boll 

weevil suppression materials would be substituted for .5 mil. pounds of 

diflubenzuron on acreage that could be treated with diflubenzuron and 8.2 

mil. pounds of bollworm - budworm materials would be displaced by actions 

of the natural enemies. The average net @ecrease in insecticides applied 

per acre is 6.4 pounds. 
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Appendix table IIJ-E 

—Estimated-substitution and disolacement of ecnrrent control regice insecticide 

materials by a diflubenzuron 

bollworn/budworm on most feasible acreage. 1/ 
venize for suppression of bell weevils and 

Quantity of current materials substituted for bol] weevil suppression 2/ 

‘ Toxaphene 

Thous. acres 

430.7 
iL Siobkos) 

266.4 

Southeast 189 
Delta 1,001 

Southwest HBL 

Total 1,301 2,198.6 

Estimated total diflubenzaron use and the 
or displacezent of current materials 

oe 02 8 08 @ 

Southeast 

Delta 

Southwest 

Total 

‘ 

1/ OYE iunensUrcn substitutes for boll weevil suppression xzaterials 

Bollworn/budworm controls by aoninterrerence With wacural. eCnenTes. 

example of most feasible acreage. 

once. 

2/. Major contro! materials were identified by the Federal/State Oinilin 

d to be distributed hw Team. They are assux 

New insccticides such as syntnetic 

mercial use. the 

Total 

estinated 

diflubenzuren + or displaced 
use * current 

: materials 

data are from USDA/ESCS, 1970 National Pest 

Methyl > Azinphos- 

* parathion methyl 

870.) 
Shes) 

266.4 

107.7 
375.4 
66.6 

2,638.0 $49.7 

Total 

PUSS) 
375.4 CL yesh ons 
41.6 1 3 

487.9 13,834.5 

cil 

The price of difludenzuron 13 assum 

pyrethroids are not T(E are USERS 

- Region : Acres . Toxaphene : EN ; Methyl : Hono. : Other : Total 
ec Ra a * parathion ° crotopnos’ : | 

Thous. acres --------- Thousand pounds active ingredients --------- | 

Southeast 189 484.6 len Ui 315.0 Eats 7 Wee Th 969.2 
Delta 1,001 3,224.0 483.6 2,095.6 a6 12 483.6 6,448.6 
Southwest abe 423.8 63.6 275.5 7aa\ 572 63.6 847.7 

Total 1,301 4,132.4 (Sts) '8) Zee Onl: 206.6 619.9 §,264.9 

sudstituted <- chanre in 

‘ es 
SUNOS) yet hmuettethe CeO: Pree 

Be BO) Save 
621.6 

SHIM 

substitution 

SSMS Seen 

SS tale cs 

Of yertiod) Ga 
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IV. PRELIMINARY BIOLOGICAL AND ECONOMIC ASSESSMENT 
OF DIFLUBENZURON ON SOYBEANS 





IV. PRELIMINARY BIOLOGICAL AND poet ASSESSMENT 
OF DIFLUBENZURON ON SOYBEANS— 

INTRODUCTION 

The major U.S. soybean production area extends from the North Central 

region to the mid-Atlantic region and south to the Southeast and Delta 

regions. For the period 1975-1977, 54 million acres of soybeans were 

harvested annually with production eee 1.5 billion bushels (Table IV-1). 

The North Central region is the most important por nen production area 

in the U.S. It accounts for 62 pertent of the acreage and 69 percent 

of the soybean production. The North Central region has the highest 

average yield at 31.4 bushels per acre. The average yield in the other 

regions is about 25 bushels per acre or less, with the lowest average 

yield being registered in the Southeast at 22.1 bushels per acre (Table IV-1). 

A relatively small, asters eee proportion of soybean 

acreage has been treated with insecticides. In 1966, 4 percent of the 

soybean acreage was treated with insecticides, 8 percent in 1971 and 10 

percent in 1976 (USDA, 1975, 1976). 

Historically, the major insecticides used on soybeans for all 

insect pests have been carbaryl, methyl parathion and poeennere (Table IV-2). 

Carbaryl has shown the greatest growth in usage between 1971 and 1976, 

increasing from 1.3 million pounds and 0.9 million acres treated in 

1/ ‘Prepared by those members of the Joint USDA/State/EPA Diflubenzuron 
Assessment Team assigned to the evaluation of potential diflubenzuron 

use on soybeans. This group of people, referred to in this report 

as the "Diflubenzuron Soybean Assessment Team" consisted of the 

following individuals: Merle Shepard, Ph.D., Clemson University; 

Donald C. Herzog, Ph.D, University of Florida; Herman W. Delvo, 

Preoe USDAsmRoperteGssLee.m).,8rn.D., EPAs@and received assistance 

from a variety of people, most extensively from Galen P. Dively, 

Ph.D., University of Maryland; Larry P. Pedigo, Ph.D., Iowa State 

University; George F. Ludvik, Ph.D., EPA; and Craig Tinney, USDA. 
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Soybeans: Average Area Harvested, Production a 
by State and Region, 1975-19772 

Region & 
State 

Northeast 

New York 

New Jersey 

Pennsylvania 

Total 

Mid-Atlantic 

Delaware 

Maryland 

Virginia 
North Carolina 

Total 

Southeast 

South Carolina 

Georgia 

Florida 

Alabama 

Total 

Delta 

Arkansas 

Louisiana 

Mississippi 

Tennessee 

Kentucky 
Total 

Southern Plains 

Oklahoma 

Texas 

Total 

North Central 

Ohio 

Indiana 

Illinois 

Missouri 

Iowa 

Michigan 
Wisconsin 

Minnesota 

North Dakota 

South Dakota 

Nebraska 

Kansas 

Total 

UsSeeLotal 

Area 

Harvested 

1,000 acres 

12 
i393 
56 

207 

218 
315 
420 

1,287 
2,240 

1,290 
1,040 

287 
1323 
3,960 

4,540 | 
2,283 
3,340 
1,950 
177 

13,290 

254 
492 
746 

3,120 
3,593 
8,243 
4,557 
6,883 

632 
184 

3,493 
162 
306 

77120 
978 

sep ral 

53,714 

SF 
Table IV-1 

Production 

mil. bushels 

Ul FR Ny nHWW Ww 

Nh (Cm) 

Mow on ae MmMWoOo Wh 

oo NOYUWU . e e . NOH wOWO 

100.3 
58.0 
Ni de 
45.8 
32.9 

309.2 

Hees O25) 

nd Yield Per Acre 

Yield Per 

Harvested Acre 

bushels 

eos 
23:0 
28, 
7a Ye F Qvw1O: 

Za. 
26. 
Zi s 
Zs 
236 OMNfF WO 

203 
PRE 
24, 
Zo. 
Zan RPwon~ or 

mere 
yale ie 
Pa 
ZS. 
255 
23. WOUWDN rH 

ie 
22° 
24. (1 CO © 

i) ~ 

pEMoteest steele ay oe Peninei a. exes ee FD NWUN UP OUUN 

ho fe.) . Nh 

a/ USDA, ESCS, Crop Production-1977, Annual Summary, CrPr 2-1(78), 
Washington, D.C., January 1978 
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Table IV-2 

Quantity of Currently Used Insecticides 

to Control Pests of Soybeans, 

1971 and 1976 

Insecticide 19712! 1976e/ 

ee errr rr rrra enna cr-y-7-Ganpaeeany P=aitiininieyisiiissia i naam 

------------- 1,000 pounds’ —-------——-—--—— 

Carbaryl 1,346 3,668 

Methomyl ——— 483 

Malathion 3) oe -- 

Methyl Parathion 2.209 Tats) 

Toxaphene 1,524 25206 

Carbaryl 913 iy SS AS) 

Methomyl -- 865 

Malathion 110 -- 

Methyl Parathion ZO Om 677 

Toxaphene 951 488 

a 

a/ USDA, ERS, Farmers' Use of Pesticides in 1971 - Quantities, AER No. 2525 

July 1974. ; ae. 
b/ USDA, ESCS, "1976 National Pesticide Usage Survey," unpublished. 

c/ No use reported. 



aoe 02! 
Bey - 

_ 

e-TT etd? 77 

tio tstaeat ba efognres9 tov 
, Disecys-. ay Pree | leqi2n020 02 

reel fee Le! 
- D 7 » 

ats 
> 

7 
re 
kh. 

oe i —— ay a -_ —— 
- os — 

) 
o 7 

bal 
ee@<¢ 

e 

er 

“> 

> eg hi 

4 r= hel bs J P ene . Oo 7 a > —_ 
6 Se a oh ee ser 16 get eee 

$< ~~ = 

os 
: 

rT tavie! o.6el HRS seeS Less ig oteir 2 az 
- botengem 

a 
7 



1971 (USDA, 1974) oe 3.7 million pounds and 2.9 million acres treated in 

1976 (USDA, 1976). Methyl parathion was used in the largest quantity, 

gg 4 million pounds, and on the largest acreage, 2.2 million acres in 

1971 (USDA, 1974), but by 1976, usage of this insecticide had dropped to 

0.7 million pounds and 0.7 million acres (USDA, 1976). The quantity of 

toxaphene used ‘unger from 1.5 million pounds in 1971 to 2.2 million 

pounds in 1976, but the acreage treated heetinedteron 1.0 million acres to 

0.5 million acres. However, in 1976, much of the toxaphene treated acreage 

received 2-3 applications during the season. | 

Insect problems on soybeans a the North Central region are 

sporadic, but they intensify from the mid-Atlantic states southward to 

the Southeast and Delta regions. In these regions annual insecticide 

treatments are often necessary and in some areas, for certain insects, 

several applications have to be made during the growing season. 

BIOLOGICAL ASSESSMENT 

Major Soybean Insects 

Soybean insect pests of importance include bollworm (or corn 

earworm), soybean looper, stinkbugs, velvetbean caterpillar, Mexican 

bean beetle, and green cloverworm. Diflubenzuron does not control all 

of these pests, but is effective for the control of velvetbean caterpillar, 

Anticarsia gemmatalis, Mexican bean beetle, Epilachna varivestis, 

and green cloverworm, Plathypena scabra. These insects occur in relatively 

distinct regions of the country (Figure IV-1). The velvetbean caterpillar 

is a problem primarily in the Southeast and Delta regions, the Mexican 
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bean beetle occurs mostly in the mid-Atlantic states and the green 

cloverworm is a problem Stet; in the North Central region. 

The acreage treated for each of these insects varies from year to 

year. However, the average acreage treated for each extent of infestation 

category is presented is Table IV-3. For example, in a year a limited 

infestation throughout the velvetbean caterpillar area, approximately 

1.0 million acres would typically be treated, whereas in a year of 

extensive infestation, 6.2 million acres would be treated. The pattern 

of treatment for green cloverworm aperaye from the other two insects in 

_ that a "normal" infestation seldom occurs. Either an extremely limited 

acreage requires treatment or the pest is so widespread that extensive 

acreage is treated (Pedigo, 1978 and Blair, 1978). 

The velvetbean caterpillar is by far the most serious of these 3 

insect pests. As many as 8 insecticide applications of the currently 

used insecticides have been applied in a single season by growers in 

Florida for control of this pest (Greene, 1978). Prior to bloom, 50 percent 

defoliation of the soybean plant will not penered ty afrfectevields .— slae  velvet— 

Been caterpillar is such a voracious foliage feeder that its populations must 

be monitored carefully and at short time intervals (3-4 days) during 

the critical post-bloom pod-filling period. Timely control measures must 

be applied t>» avoid economic damage to the soybean crop. Left uncontrolled, 

foliage losses by this insect can easily reach 100 percent in September 

or October, drastically reducing yield (Herzog and Shepard, 1978). 

Carner et. al. (1974) reported on the seasonal abundance of soybean 

‘insect pests in South Carolina. The velvetbean caterpillar is a late- 

season pest Pete oc esber) preferring late planted and/or late 

Maturing soybeans (Herzog, 1978). The Mexican bean beetle prefers snap- 
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Table Iy-3 

Area of Soybeans Treated for Velvetbean Caterp}llar, 
Mexican Bean Beetle and Green Cloverworm— 

ee 

b/ Insect and » Extent of Infestation— 
State Limited Normal Extensive 

nc se a sale el 
a a a a a a a 1,000 acres ----------- 

Velvetbean Caterpillar 

South Carolina 60 200 260 
Georgia 100 * 750 1,000 
Florida 0 te 287 
Alabama - Mississippi 650 12300 2,600 

Louisianna 100 300 15500 

Texas 100 300 600 

Arkansas - Oklahoma 10 0 0 

Total 020 2,850 Oo 2a7 

Mexican Bean Beetle 

Maryland - Virginia - Delaware 94 PAI ES 405 
North Carolina 10 35 aay 20 

South Carolina : 30 15 100 
Georgia 20 70 100 

Illinois - Indiana - Kentucky - 

Tennessee 15 0 0 
Total 169 453 655 

Green Cloverworm 

Illinois 10 0 500 

Ohio 5 0 250 

Iowa - Indiana — Missouri 40 0 800 

Kentucky 5 0 0 
Arkansas - Oklahoma = 0 0 

Total 65 0 1,550 

a/ Developed by Diflubenzuron Soybean Assessment Team based on data from 

USDA/State/EPA, "1978 Biological Survey for Diflubenzuron Use on 

Soybeans", unpublished. 
b/ The extent of infestation is the average annual number of acres 

requiring insecticide treatment for years jn each infestation 

category, for each insect pest. 
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beans and lima beans to soybeans; therefore it tends to infest soybeans 

in mid season (June-August) when the preferred plant species are 

relatively less abundant (Dively, 1978). Green cloverworm, in general, 
¢ 

infests soybeans earlier than do Mexican bean beetles or velvetbean 
, 

caterpillars, but, except in the North Central region, do not pose an 

economic threat. 

Currently Used Insecticides 

Several insecticides are registered to control these 3 pests of 

soybeans. Table IV-4 lists some of these insecticides with standard 

formulations and application rates per acre. 

The typical number of treatments of dif lubenzuron and the currently 

used insecticides needed to control velvetbean caterpillar are displayed 

in Table IV-5. One treatment with diflubenzuron is sufficient to control 

velvetbean caterpillar regardless of the infestation level. With the 

currently used insecticides, several treatments may be needed to achieve 

control of this insect pest, depending on the level of infestation (low, 

moderate or high). In most of the states where this insect is a problem, 

one treatment of the currently used insecticides will usually control a 

low level of infestation, two treatments are needed to control a moderate 

level infestation and three treatments are needed to control a high level 

of Meee tation. In Florida, three treatments are usually needed for a 

moderate level infestation and five treatments for a high level infestation 

(Table IV-5). 
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Table IV-4 

Registered Soybean Insecticides, by Insect 

nee nese eso eee 

sect and 

secticide 

vetbean Caterpillar 

iarbaryl 

lethyl 

parathion 
‘oxaphene + 

methyl parathion 

lethony 1 

cephate 
acillus . 

Thuringiensis 

ican Bean Beetle 

arbaryl 

ethomy1 

imethoate 

isulfoton 

Oxaphene + 
methyl parathion 

en Cloverworm 

arbaryl 
oxaphene 

alathion 
ethomy1 

ethyl parathion 

Formulation 

80% Sprayable 

emibeea sis) ecal EC 

Dereoelbera.t./gal. EC 
90% Sol. Pwdr. 

TEES OL a ewar. 

Wezoe bil. international 

units/1b. 

See VBC above 

See VBC -above 

peel baat. cal. EC 
‘15% granular 

See VBC above 

See VBC above 

Geib weast./ cal, EC 

Seibweasie/cal. EC 
See VBC above 

Wet Dwealt./ gal. EC 

Label Application Rates= 
Formulation 

Rate 

units/acre 

2 Geel al (AS be. 

th Ge), 

WW Aaoate 
1 Ge 51/28 1b. 

2/38 — 1a) 356. 

1/4e~—, 1/2 1b. 

LD is 

6-7 1b. 

jb Sie) cs 9 PEERY pie 
30 oz. 

ee te 

/ 

Rate A.I. 

lbs. /acre 

OF ane 00 

Ore 

Jared 
0.23>— 0745 
OR) = ahae 

Sirs, — 1s 

OS 
120 

My AieS Panne) 
dia, 

LW) 

eee pes 

U.S. EPA, "Compact Label File, 1976," unpublished. 
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Table IV-5 

Number of Treatments Using Diflubenzuron and Currently Used ,Insecticides 
To Control] Velvetbean Caterpillar on “eric 

——— 

Treatments Per Year 

Florida Other States 
Insecticide Low Moderate High Low Moderate High 

Diflubenzuron ii i, is 1 oL 1 

‘ Currently Used 

Carbaryl 1 3 5 1 2 3 

Methonyl 2. 3 s il Zz 3 
Methyl Parathion 1 3 5 L 2 3 

Toxaphene + Methyl : 

Parathion 1 3 5 i: 2 3 

a/ USDA/State/EPA, "1978 Biological Survey for Diflubenzuron Use on Soybeans," 
unpublished. 

» 





Insecticide treatments needed to control Mexican bean beetle and 

green cloverworm are not tabularized because both can generally be controlled 

with only one treatment of diflubenzuron or any of the currently used in- 

secticides. 
’ 

Depending upon geographic region, from 60-100 percent of the 

insecticides used for control of insect pests of soybeans are applied by 

air. Aerial spraying is preferred because: ground equipment cannot be 

used when fields are wet; the crop may be sown or grown in narrow rows; 

and application time by air is faster so the acreage to be treated can 

be covered in a shorter period of time. In addition, the possibility of 

economic damage, which may occur in the last fields treated when ground 

equipment is used, can be reduced or avoided with aerial application. 

In 1977, two currently used insecticides and diflubenzuron were 

tested on soybean plots in South Carolina to determine their effect on 

predator insects and various lepidopterous larvae that attack soybeans 

(Table IV-6). All Meee rites were applied on August 10. 

The data indicate that diflubenzuron and carbaryl had little impact 

on the major natural predator complex (nabids and geocarids) either 

immediately after application or during the remainder of the growing 

season. Methyl parathion drastically reduced the number of predators 

present peredi ately after application but by the end of the growing 

season they had recovered and were approaching the number present in the 

check plot. 

Diflubenzuron effectively controlled velvetbean caterpillar and 

green cloverworm as indicated by the larval counts late in the growing 

season. Methyl parathion and carbaryl gave immediate control (data BOE 

Shown) but by the end of the growing season larval counts of velvetbean 

Caterpillar and green cloverworm were about the same as in the check plot. 
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Diflubenzuron was ineffective in controlling Heliothis zea with 

larval counts being about the same as the check plot. Methyl parathion and 

carbaryl gave immediate control of Heliothis zea, but larval counts at later 

dates indicated a resurgence of the population. 

The data adtapetee the effectiveness of the 3 insecticides on 

loopers is‘inconclusive. Carbaryl gave some initial control but larval 

counts 30 to 40 days after application were about the same for all 

materials. | 

Diflubenzuron 

Diflubenzuron is mixed with water and applied as either a ground or 

aerial spray. A single application of diflubenzuron at 0.5 oz. a.i. per 

acre is sufficient to provide season-long control of the velvetbean 

caterpillar and the green cloverworm, and an application rate of 1 oz. 

a.i. per acre provides season-long control of the Mexican bean beetle 

(Turnipseed et. al., 1974; USDA/State/EPA, 1978). No resurgence or 

rapid increases in aan numbers were observed after diflubenzuron was 

applied, but currently used materials such as methomyl and methyl 

parathion allowed resurgences of target pest populations to levels above 

those in untreated check plots (Shepard, et. al., 1977). This was 

undoubtedly due to decimation of the natural predator complex by these 

highly toxic compounds. 

Wilkinson (1976, 1977) reported that diflubenzuron at concentrations 

of > 10 ppb did not produce significant mortality in several species 

of parasitoids and predators tested in the laboratory, although mortality 

of the Mexican bean beetle parasitoid, Pediobius foveolatus, was 
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ni 
significantly increased when parasitized beetle REO cee fed 

leaves dipped in 3 ppm of diflubenzuron meunoetee and Shepard, 1977). 

Some currently used insecticides and fungicides also have been 

shown to interfere with naturally-occurring entomogenous fungi, especially 

Nomuraea rileyi: (Ignoffo, et. al., 1975, Johnson, et. al., 1976), 

which is ene dered a’ key regulating agent for the velvetbean caterpillar, 

Heliothis zea, and green cloverworm larvae. Results of other laboratory 

tests revealed that diflubenzuron had no deliterious effects on the 

entomogenous fungus N. rileyi (Ignoffo, 1978) and preliminary tests at 

Clemson Univestsity suggest that certain concentrations of diflubenzuron 

may actually promote growth of the beneficial canes (Sutton, 1978). 

According to the "1978 Biological Survey for Diflubenzuron Use 

aye on Soybeans no increased yield effects are estimated for the substitution 

of diflubenzuron for currently used insecticides in areas infested 

with Mexican bean beetle or green cloverworm. However, the use of diflubenzuron 

to control moderate or high level infestations of velvetbean caterpillar 

is expected to increase soybean yields from 0.4 - 3.0 bushels per acre 

and 0.4 - 5.0 bushels per acre, respectively (Table IV-7). 

pL / In the Spring of 1978, a questionnaire about diflubenzuron, infestations 

of velvetbean caterpillar, Mexican bean beetle and green cloverworn, 

and currently used insecticides to control these pests was sent 

by the Diflubenzuron Soybean Assessment Team to entomologists 

in states where these pests occur. The responses to this questionnaire 

combined with follow-up telephone conversations, in some cases, 

are referenced throughout this report as: USDA/State/EPA "1978 

Biological Survey for Diflubenzuron Use on Soybeans," unpublished. 
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Table IV-7 

a 
Estimated Change in Soybean Yield Per Acre With Diflubenzuron Compared 

To Currently Used Insecticides, by Insect and Level of Infestation— 

Insect and - Level of Infestation 
State Low Moderate High 

--------- bushels/acre -----=-- 

Velvetbean Caterpillar 

South Carolina 0.0 3.0 5 

Georgia Oe 15 Sigal 

Florida 0.0 0.4 Lyd 

Alabama & Mississippi 0.0 0.0 0.4 

Louisiana 0.0 0.0 Le2 

Texas 0.0 O20 eZ 

- Arkansas & Oklahoma 020 -- -- 

Mexican Bean Beetle 

b/ 
mil States— 80,0 0.0 0.0 

Green Cloverworm 

iiestates® eo .0 0.0 0.0 

a/ Developed by the Diflubenzuron Soybean Assessment Team based on data 

from USDA/State/EPA, "1978 Biological Survey for Diflubenzuron Use 

on Soybeans," unpublished. 

b/ States included: Maryland, Virginia, Delaware, North Carolina, South 

Carolina, Georgia, Illinois, Indiana, Kentucky and Tennessee. 

ac/ States included: Illinois, Ohio, Iowa, Indiana, Missouri, Kentucky, 

Arkansas and Oklahoma. 
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Non-Chemical Controls 

There are ongoing efforts in several states to develop alternative 

non-chemical control strategies for the Mexican bean beetle and velvetbean 

caterpillar. Programs’for the development of resistant soybean genotypes 

are currently being carried out at several geographic locations. Research 

in Maryland (Stevens et. al., 1975) and in South Carolina (Shepard and 

Robinson, 1976) has shown that the imported pareeieoids Pediobius 

foveolatus, can suppress populationstof Mexican bean beetles in soybeans. 

The use of an insect virus from Brazil has shown promise for control of 

the velvetbean caterpillar (Carner and Turnipseed, 1977). However, 

commercial utilization of these alternative strategies on a practical basis 

is probably several years away. 

Integrated Pest Management 

Integrated pest management programs currently in use and under 

development emphasize the use of those pesticides which result in minimal 

environmental disturbance. The use of diflubenzuron could provide a 

valuable control tactic for integration into ongoing reat management 

systems and new programs as they are implemented. While the use of many 

currently available insecticides may result in resurgence of the target 

pest species and/or elevation of current secondary pests to a major 

Status, the ability of diflubenzuron to provide season-long control of 

the target species will virtually eliminate the occurrence of target 

pest population resurgences. Additionally, the fact that diflubenzuron 

is minimally detrimental to the complex of beneficial organisms could 
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mean that the elevation of secondary nontarget pests to primary or 

economic pest status will also be averted. Thus, yield losses due to 

natural and induced pest outbreaks could be minimized. 

Concurrent Insect Problems 

There are other major insect pests of soybeans which are not controlled 

by diflubenzuron. These include the bollworm (Heliothis zea), loopers, 

(primarily Pseudoplusia includens), and a complex of stinkbugs. These 

May occur in concurrent Jian ead EET the diflubenzuron-susceptible 

pests. When this occurs, a grower may elect to use a currently recommended 

insecticide which provides short-term control for the entire pest complex. 

In other situations, a grower may choose to use a currently recommended 

insecticide to give a rapid knockdown of the pest species and then 

apply diflubenzuron to provide season-long control of velvetbean 

caterpillar, Mexican bean beetle and green cloverworm. 

When the pest wees occurs concurrently, reduction of the diflu- 

benzuron-suspectible component may lower the total pest numbers to sub- 

economic levels. Under certain circumstances, dense populations of a 

pest such as the velvetbean caterpillar may necessitate the use of a 

currently available material along with diflubenzuron to provide immediate 

control and prevent reinfestation. By using diflubenzuron this way, the 

need for multiple applications of currently used insecticides could 

be eliminated. 
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TIS 

ECONOMIC ASSESSMENT 

In this economic assessment of diflubenzuron use on soybeans, both 

changes in insect control costs and soybean production resulting from 

substitution of diflubénzuron for currently used mmecerieiies are evaluated 

at the grower. level (user impacts). The impact on consumers is also ad- 

dressed, but in somewhat less detail. 

Procedures for Estimating User Impacts 
e 

The purpose of this section is to describe the origin of the estimated 

soybean acreage treated by insect and level of infestation, presented in 

Table IV-8, and to summarize key procedural steps and data sources. 

ts Average number of acres treated annually with currently used 

insecticides to control velvetbean caterpillar, Mexican bean beetle and 

green cloverworm were estimated from the acreage (Table IV-3) or probability 

data (Appendix IV-C, Table 1) for three categories of extent of infestation 

- limited, normal and extensive. The sum of the products of each category's 

acreage and probability of occurrence represented an average year, account— 

ing for the year-to-year variance in acreage treated. 

Ze The acreage within each infestation category was then distributed 

into two parts: the acreage treated for the target pest alone and the 

acreage treated for other insects occuring concurrently with the target 

insect. This distribution was estimated from data on the percent of acreage 

infested concurrently, along with the probability of a concurrent infesta- 

tion (Appendix IV-C, Table 2). A 
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Je The acreage within the limited, normal and extensive categories 

was Aer ibuted by level of infestation - low, moderate, or high - based on 

the probability of occurrence (Appendix IV-C, Table 3). 

4, A set of application strategies specifying the circumstances 

under which ancien would be substituted for currently used insecti- 

cides were developed by the Diflubenzuron Soybean Assessment Team to allow 

estimation of the acreage treated with diflubenzuron. 

ve The single-treatment cost per acre of diflubenzuron was estimated 

from the manufacturer's suggested ail price per pound active ingredient 

and the average application cost from custom applicators. 

oe Single-treatment costs per acre of currently used insecticides 

were estimated from 1978 average retail prices per pound from distributor's 

price lists and the average application cost from custom applicators. 

He The value of production changes with diflubenzuron were estimated 

from weighted average yield increases, acreage affected and the three-year 

average (1975-1977) soybean price received by farmers of $5.78 per bushel 

(USDA, 1978a). 

Key Assumptions and Limitations 

J bes Lt ae assumed that the manufacturer-quoted retail price of 

$3.00 per ounce active ingredient for diflubenzuron would be the actual 

retail price if diflubenzuron were marketed for use on soybeans. 

gs The results of this preliminary benefit analysis were based 

on a particular set of strategies for using diflubenzuron (specified in 

Table IV-11). Underlying this set of strategies was the assumption that 

diflubenzuron would be used on all soybean acreage currently treated with 
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insecticides to control the three insect pests specified in the analysis, 

Except for the concurrently infested acreage with a low infestation level, 

where currently used insecticides would still be applied. This set of 

strategies maximized the acreage on which diflubenzuron might be expected 

to be applied. 

he The acreage infested in each extent of tnfestarion category 

and their associated probabilities were subjectively determined by 

entomologists in the States affected based on their knowledge of insect 

problems in soybean production. 

User Impacts 

Acreage Treated - Currently Used Insecticides © 

The soybean acreage treated annually for the three insect pests 

susceptible for diflubenzuron was estimated at 3.0 million acres for 

velvetbean caterpillar, 365,000 acres for Mexican bean beetle and 325%, 000 

acres for green dhewsswsen (GONE Iv-8). A majority of these acres were 

treated for the target pest alone. For velvetbean caterpillar, 2.0 million 

acres were treated for the pest alone, while 1.0 million acres were treated 

for this and other pests concurrently. Of the total 365,000 acres treated 

for Mexican eee beetle, all but 7,000 acres were treated for the pest 

alone. All of the acreage treated for green cloverworm was treated for 

the pest alone. 

When the total of these acreages (pest-alone plus concurrent 

infestations) are examined from the perspective of level of infestation 

(low, moderate or high), most are in the "low" category (Table IV-8). 
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For velvetbean caterpillar, the total 3.0 million acre are distributed 

as follows: 1.6 million acres (55 percent) in the low infestation category, 

0.9 million acres (30 percent) in the moderate infestation category and 

0.4 million acres (15 percent) in the high infestation category. For 

Mexican bean beetle and green cloverworm, all the acreage treated is in 

the low infestation category. 

Currently, at least two insecticides are widely used to control 

each of these three insect pests. For the control of velvetbean cater- 

pillar in the Southeast, carbaryl is used on the majority (70 percent) of 

the acreage treated (Table IV-9). The remaining 30 percent of the soybean 

acreage treated in this region is divided among methomyl, methy1 parathion, 

and toxaphene + methyl parathion. In the Delta and Southern Plains, methyl 

parathion is used on 75 percent of the perenne treated for velvetbean 

caterpillar and the remaining 25 percent is treated with carbaryl and 

methomyl. 

The major insecticides used to control Mexican bean beetle are 

carbaryl and methomyl, accounting for 60 percent and 40 percent of the 

acreage treated, respectively (Table IV-10). To control green cloverworn, 

growers are currently using carbaryl (65 percent of the treated acreage), 

malathion (25 percent) and toxaphene (10 percent). Other insecticides 

are also used to control these three pests, but their use is insignificant 

and not considered in this study. 
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Table IV-9 

Distribution of Treated Acreage Among Major Currently 
Used Insecticides to Control Velvetbean 

Caterpillar on Soybeans 

Distribution of Treated ered ees 

Insecticides Southeast— Delta and 

Southern Plains= 

wen ene === percent ------------- 

Carbaryl ; 70 20 

Methomyl 15 = 

Methyl Parathion 5 75 

Toxaphene + Methyl Parathion 10 pad, 

-a/ Developed by the Diflubenzuron Soybean Assessment Team, based on 

information from team members and USDA, ESCS, "1976 National Pesticide 
Usage Survey," unpublished. 

if South Carolina, Georgia, Florida, Alabama, Mississippi. 

Louisiana, Texas, Arkansas, Oklahoma. 

/ No use reported. . 
fale [o 

™™ 





Table IV-10 

Distribution of Treated Acreage Among Major 

Currently Used Insecticides to Control Mexican 

Bean Beetle and Green Cloverworm on Soybeans 

Insect and Insecticide Distribution of Treated Rores pee 

Mexican Bean Beetle 

Carbaryl 60 

Methomyl 40 

Green Cloverworm 

Carbaryl 65 

-Malathion ZS 

Toxaphene 10 

IS 

a/ Developed by the Diflubenzuron Soybean Assessment Team based on 

information from USDA, ESCS, "1976 National Pesticide Usage Survey," 

unpublished, and personal communication with Dr. L. P. Pedigo,Iowa 

State University, August 3, 1978. 
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Acreage Treated- Diflubenzuron 

Diflubenzuron is not currently registered for use on soybeans. Therefore, 

to estimate the per acre treatment cost and annual costs if diflubenzuron 

should become available to growers, a set of application strategies and 

assumptions was developed (Table IV-11). Several alternative strategies 

obviously exist, but the set used in this analysis was selected to 

estimate the maximum acreage on which diflubenzuron could reasonably be 

expected to be used. 5 

It was assumed that on the soybean acreage where velvetbean caterpillar 

occurred alone, one application of diflubenzuron would replace the current 

insecticide treatment schedule (see Table IV-5) regardless of the infesta- 

tion level. Currently used insecticides would provide equal control at 

this infestation level, but a farmer foes not know if the initial 

infestation level early in the season will lead to a higher level 

infestation later in the season. Therefore, it has been assumed that he 

will choose to avers the risk of having to treat again later by using 

diflubenzuron the first time. 

On the acreage where veletbean caterpillar was present concurrently 

with other insect pests, it was assumed that currently available 

insecticides would be applied at low infestation levels. For moderate 

or high infestation levels on acreage with a concurrent pest problem, it 

was assumed that growers would first use a currently available insecticide 

to obtain control of the entire insect complex and then apply diflubenzuron 

which would provide season-long control of velvetbean caterpillar. 
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Table IV-11 

Application Strategies to Control Various Levels of 

Infestation of Velvetbean Caterpillar, Mexican Bean 

Beetle, and Green Cloverworm on Soybeans 2 

Diflubenzuron is Available for Use= 

Insect Alone?! Concurrent Insect Three rer ions 

Insect Low Moderate High Low Moderate High 

Velvetbean ® 

Caterpillar pd/ D D | ce! cape! C&D 

Mexican Bean 

Beetle D -- oe C -~ -- 

Green Cloverworm D ~— -- C =< -- 

a/ Developed by the Diflubenzuron Soybean Assessment Team. 

b/ The acreage to receive treatment is infested with only the te 

pest (at levels requiring control). 

c/ The acreage to receive ‘treatment is infested with other insects 

in addition to the target pest (at levels requiring control). 

d/ "D" represents one treatment with diflubenzuron. 
e/ "C" represents one ‘treatment with a currently used insecticide. 

f£/ "C and D" represents two treatments, one with a currently used 
insecticide and one with diflubenzuron. 
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Of 

For Mexican bean beetle and green cloverworm, it was assumed that 

one Ber iicacion of diflubenzuron would replace the currently used 

insecticides on the acreage where these pests occurred alone. Where 

Mexican bean beetle and. green cloverworm were present concurrently 
’ 

with other insects, it was assumed that currently available insecticides 

would Peeed because they would control the eerie’ pest complex. No 

treatment is specified for moderate and high infestation levels because 

Mexican bean beetle and green cloverworm can generally be controlled with 
: 

one application of diflubenzuron or the currently used materials regardless 

of infestation level. 

Treatment Costs Per Acre 

The single-treatment cost for diflubenzuron was estimated at $4.25 per 

acre for velvetbean caterpillar aun eee cloverworm control, and $5.75 

per acre for Mexican bean beetle control. Comparable ine en tres tment 

costs for currently used insecticides ranged from $3.87 to $7.97 per 

acre (Table IV-12). 

At low infestation levels the annual treatment costs for some currently 

used insecticides are lower than diflubenzuron (Table IV-12). As the level 

of infestation for velvetbean caterpillar intensified, the differential 

between annual treatment cost per acre with dif lubenzuron and the currently 

used insecticides increased. This situation was most noticeable for control 

of velvetbean caterpillar in Florida where five treatments with currently 

used insecticides are normally used at high infestation levels and would be 

replaced by one application of diflubenzuron. , 
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Table IV-12 

Application Rate, Retail Price and Treatment Costs per acre of Diflubenzuron 

and Currently Used Insecticides, by Insect and Level of Infestation 

ene 

‘ct ; Application Retail , Single-Treatment Cost Per Acre Annual Treatment Cost Per heres 

Rate— Price— Insecticide Application— Total ’ Florida Other 

‘eticide Material Low Moderate High Low Moderate igh 

lbs a.i./acre $/lb a.i,  -——---—-—-————-—--——--—— dollars /acre--------—---——----- = --- === === 

tetbean Caterpillar 

Diflubenzuron .03125 48.00 1.50 PNT he) 4.25 4.25 4.25 4.25 4.25 4.25 Asia 

Currently Used 
= 

Carbaryl - 50 2.48 ae PVs) 3.99 3.99 Sey / 19.95 S\ee Fe) 7.98 12-97 

Methonyl me 11.60 2.90 2515 5.65 5.65 16.95 28.2 Bales BBISRK) — See) 

Methyl Parathion - 50 2.25.) edie ee Sibch/ 3) ti 11.61 19.35 Bite! PT C6) 

Toxaphene + Methyl 150.4 .50 -—— 3.05 Za) 5.80 5.80 17.40 29.00 bigst@y | SURI Tole nat 

Parathion 

ican Bean Beetle 

Diflubenzuron -0625 48.00 3.00 2.75 Hai -- -- _ bare) -_ -- 

Currently Used 
a 

Carbaryl © cet’) 2.48 1.24 Zee 3.99 -- — -_— 3.99 -- -- 

Methomy1 45 11.60 Dene Pa 7is Hoey) —— _— -- GSH -- -- 

in Cloverworm : 

_ Diflubenzuron -03125 48.00 1.50 oT feh °4.25 _- -- -- 4.25 -= _ 

Currently Used 

Carbaryl oe 2.48 1.86 ess 4.61 -- -- 4.61 -- _ 

Malathion 1.00 PTS Zs00 ZisstD Snax _ _ -— bask! -- _ 

Toxaphene 2.00 © 96 1.96 2als 4.67 _ -- -_ 4.67 ==) eee 

ee __eaRe 

_USDA/State/EPA, "1978 Biological Survey for Diflubenzuron Use on Soybeans," unpublished. 
“Diflubenzuron price based on manufacturer suggested retail price of $3.00 per ounce active ingrediene., All other) prices are 1975) A00588— 
from various distributors’ price lists. 

Developed by the Diflubenzuron Soybean Assessment Team based on information from custom applicators. f 

“Single-treatment cost per acre times number of treatments per year (Table ILI-5 for velvetbean caterpillar; 1 treatment per year for Mexican beaz 

beetle and green cloveworm). 
Since the insecticide contains two active ingredients, it is inapplicable to calculate a price per pound active ingredient. 

SS 

92 
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To estimate savings in insect control cost from using diflubenzuron, 

weighted average annual treatment costs per acre of the currently used 

insecticides were calculated for each insect pest (Table IV-13). The 

weighted average annua] treatment costs per acre for velvetbean caterpillar 

ranged from $3.98 for a low infestation in the Delta and Southern Plains 

to $22.05 for a high infestation in Florida. Annual treatment costs were 

estimated at $5.58 per acre for Mexican bean beetle and $4.79 per acre 

for green cloverworm. ~ 

The annual savings in control costs per acre from using diflubenzuron 

‘were estimated separately for acreage infested with velvetbean caterpillar 

alone and concurrently with other insect pests. At the low inrestacion 

level with velvetbean caterpillar alone, the annual cost saving was $0.16 

per acre when diflubenzuron replaced eter ent insecticides in Florida 

and the other Southeastern States (Table IV-13). In the Delta and 

Southern Plains, growers would experience increased costs of $0.27 per 

acre when using Rretiven icon compared to the current insecticides. As 

the infestation level intensified, the cost savings increased because 

one application of diflubenzuron substituted for multiple applications 

of the current insecticide (Table IV-5). Cost savings were greater for 

Florida because more applications of the current insecticides were 

needed to achieve control than in the other regions. 

No estimate was made for a low infestation of velvetbean caterpillar 

with concurrent insect infestations because it was assumed that the 

currently available insecticide would be used to control the entire 

pest complex. As the infestation level intensified, the cost savings 

increased for the same reason explained above. However, these savings 





Table IV-13 

/ 
Average Treatment Cost Savings Per Acre From Using Diflubenzuron, By Insect 

ea 

Weighted Average Annu / Diflubenzuron 4/ 

Insect Treatment Cost Per Acre— Treatment Treatment Cost Savings Per Acre Using Diflubenzuron— 

and for Current Insecticides Costs Jer Insect Alone Concurrent Insect Infestation 

_ Region Low Moderate High Acre— Low Moderate High Low Moderate High 

pp 
a a OL Las fC a a On oe 

| Velvetbean Caterpillar 

Florida 4.41 13523 22.05 4.25 0.16 8.98 17.80 - 4.57 13039) 

Southeast 4.41 8.82 is oes} 4.25 0.16 4.57 8.98 -- 0.16 4.57 

Delta & Southern 

Plains 3.98 7.96 11.94 4.25 -0.27 7.69 7.69 - -0.27 sini /al 

| Mexican Bean Beetle BYE) -- -— 5.73 -0.17 = -_- _ -- -- 

Green Cloverworm 4.79 -- -- 4.25 0.54 _ os = = = 

Renn enEnEEEEEEEEE EER
E 

| a/ Developed by the Diflubenzuron Soybean Assessment Team. 

| b/ Annual treatment costs from Table IV-12 weighted by the distribution of treated acreage in Tables IV-9 and IV-10. 

| c/ Diflubenzuron treatment costs reported in Table IV-12. 

| d/ See Table IV-11 for treatment strategies underlying these cost differences. 

os 





were lower than for the comparable insect-alone category in the 

concurrent infestation category, because an application of a currently 

used insecticide was assumed to be used in addition to the single 

diflubenzuron application. 
, 

Estimated treatment cost savings per acre from using diflubenzuron 

to control Mexican bean beetle and green cloverworm, were considerably 

smaller overall than for velvetbean aoteengibe. For acreage infested 

with Mexican bean beetle, an increased cost of $0.17 per acre was estimated 

while a savings of $0.54 per acre was estimated for acreage infested 

with green cloverworm. Both of these estimates pertain to acreage 

infested with the target insect pest alone. No savings for concurrently 

infested acreage were estimated since, under the strategy adopted for 

this analysis (Table IV-11), no diflubenzuron would be used. 

Aggregate Treatment Costs 

Aggregate treatment cost savings from using diflubenzuron to control 

velvetbean caterpillar, Mexican bean beetle and green cloverworm were 

Ser inated to be $7.6 million annually (Table IV-14). Of this total, 

$7.5 million were Ass velvetbean caterpillar control, and $176,000 for 

green cloverworm control. Control cost for Mexican bean beetle was 

estimated to increase by $61,000. The majority of the savings from 

controlling velvetbean caterpillar, $4.1 million, occurred in the Southeast 

(excluding Florida). Additional savings of $2.7 million were estimated for 

Florida. 
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Since diflubenzuron is highly selective among insects, the majority of 

the savings in treatment costs accrued to acreage infested with the target 

insect alone. For velvetbean caterpillar, $6.5 million (86 percent) of the 

$7.5 million savings, was on acreage infested with this insect alone 

(Table IV-14). For acreage infested with Mexican bean beetle and green 

cloverworm, all ati the savings fell into this category. 

Evaluated by level of infestation, $7.4 million (98 percent), of the 

$7.6 million total savings were from the control of moderate and high 

level infestations of velvetbean caterpillar. The See $162,000 savings 

(2 percent) were from low level infestations of all three insect pests. 

Change in Value of Production 

The use of a different insecticide can sometimes result in production 

changes in addition to changes in insect control costs. In this analysis 

of diflubenzuron, yield changes were estimated to occur on soybean acreage 

infested with velvetbean caterpillar at moderate and high infestation 

levels, but not at low infestation levels. No yield changes were estimated 

to occur on acreage infested with Mexican bean beetle or green cloverworm. 

The use of diflubenzuron was estimated to increase soybean yields on 

velvetbean caterpillar infested acreage by an average of 0.41 bushels 

per acre on moderately infested acreage and 1.44 bushels per acre on 

highly infested acreage (Table IV-15). A total increase in production 

of 1.0 million bushels annually was estimated, 374,000 bushels on moderately 

infested acreage and 633,000 on highly infested acreage. 

Based on a three-year average price of $5.78 per bushel, the increased 

value of soybean production was estimated to be $5.8 million annually. The 

majority, $3.7 million, was from acreage with a high level of velvetbean 

caterpillar infestation. 
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Regionally, the Southeast accounted for most of the increased value 

of Mroduction at $3.7 million. Florida, which accounts for only 10 

percent of the total acreage infested with velvetbean caterpillar, was 

estimated to account for 18 percent of the increased value of production- 

$1.1 million. Acreage in the Delta and Southern Plains Region accounted 

for the remaining $1.0 million. 

Summary 

In summary, almost all of the insect control cost savings and all of 

the increase in soybean production from eeheri tiring diflubenzuron for 

currently used insecticides were estimated to occur on acreage infested 

with velvetbean caterpillar at moderate and high levels of infestation. 

Infestation at these levels occur annually through time, averaging 45 percent 

of the acreage infested with velvetbean caterpillar and 98 percent of the 

savings. A slight increase in control cost were estimated for Mexican bean 

Beetle control and only marginal savings were estimated for green cloverworm 

control. 

The cost per acre-treatment with diflubenzuron lies within the range 

of costs of the currently used insecticides. The major advantage of using 

diflubenzuron is its ability to provide season-long control of velvetbean 

caterpillar with only a single treatment, seneenieee of the level of 

infestation, whereas currently used insecticides require additional 

treatments at higher infestation levels. 
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Table IV-15 

Annual Value of Increased Production 

from Using Diflubenzuron to Control 

Velvetbean Caterpillar by Level of Infestation and Region 

Region and 

Level of Increased 

Infestation Yield— 

bu. /acre 

Florida 

Moderate Ose 

High 1.44 
Total ~= 

Southeast 

Moderate a4) 

' High 1.44 

rotal -— 

Delta and Southern Plains . 

Moderate 0.41 

High . 1.44 
Total -- 

Total -— 

Estimated 

Area 

prTecled= | 

1,000 acres 

602 
278 

151 

/ Increased 

Production 

65 
124 
189 

247 
400 
647 

62 
109 
gyal 

15007 

1,000 bu. 

Annual 

Value of 

Production ; 

Increase— 

$1,000 

376 
716 

Ug 

1,428 
Dig ke 
3,740 

358 
630 
988 

2,020 

nnn nn EEE Enna 

a/ Appendix IV-B. 
b/ Table Iv-8 
c/ A price received of $5.78/bushel was used in these calculations. hisses 

weighted average of the season average soybean prices received by farmers 

for the years 1975 to 1977. 
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Consumer Impacts 

No consumer impacts were estimated. The estimated increase in 

production of 1.0 million bushels resulting from the use of diflubenzuron 

is only 0.07 percent of the 1.5 billion bushel average annual U.S. soybean 

production (Table IV-1). This effect on production is too small to have 

any effect on soybean prices. 
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PRELIMINARY BIOLOGICAL AND ECONOMIC ASSESSMENT 

FOR DOUGLAS FIR TUSSOCK MOTH 

CURRENT USE ANALYSIS 

Current Registrations 

Naled and methoxychlor are registered for ground application only. 

Carbaryl, currently undergoing RPAR review, is the only chemical 

registered for aerial control of the Douglas fir tussock moth. Non- 

chemical controls include Bacillus thuringiensis (B.t.) and Nuclear 

polyhedrosis virus (NPV). 

Use of DFB 

DFB is currently not registered for tussock moth control. However, 

the Forest Service has an experimental permit for use in field 

research. 

PERFORMANCE EVALUATION OF DFB AND ALTERNATIVES 

Pest Infestation and Damage 

Biological Summary 

The first report of Douglas-fir tussock moth a native pest in the 

United States ,was on the Sierra Nabional porest s+ california; -1906" 

Forest's frequently have intermingling property ownership over 

large areas which,when Douglas-fir tussock moth outbreaks occur, 

Cause survey, control and financial problems that extend beyond 

“the capabilities of’ single land owners. The Douglas-fir pagsuek 

moth prefers to feed on Douglas-fir white fir, and grand fir. 

All feeding is done during the larval stage. The young larvae 

eat the underside of new neediest" Later, older needles are eaten 

Severelyv,infested trees can be completely 
or’ severed near their base. 
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stripped in one season and will die. 

Immediately after a tussock moth outbreak, tree growth patterns 

change. Defoliation causes significant decreases in ring width 

at all levels of tree height, but the magnitude of the decrease 

SSeaproportionally greater in the upper part of the tree where 

feeding damage is usually heaviest. The average reduction during 

the 3 years of greatest growth depression calculated as a percentage 

of the growth during the 4 years immediately preceeding reported in one 

study was as follows: heavy defoliation, Tee pemeents moderate de- 

foliation, 67 percent; light defoliation, 31 percent (Wickman, 

1963). Growth recovery was not complete until the 4th and sometimes 

the 5th year foliowing the attack. 

Tree mortality, top-kill and growth loss resulting ee defoliation 

by the Douglas-fir tussock moth in 1972 and 1973 in the Blue 

Mountains of Oregon and Washington were measured annually from 

1973 through 1976 on a series of permanent field plots. The study 

was designed to use the defoliation intensity in 1972 and 1978 

as a predictor of tree mortality and top-kill during and after the 

outbreak. Results of this study show that tree mortality and 

growth loss are directly related to the degree of defoliation. 

The primary damages from Douglas-fir tussock moth outbreaks are loss 

of trees suitable for lumber and wood products and tree oe 

Defoliation damage tends to increase the amount of water run off 

but the impact,on water quality seems to be insignificant. Impacts 

on recreation are minimal with the positive (increased hunting) 
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about balancing out the negative (esthetic and recreation utility) 

effects. Impacts on terrestrial wildlife tend to be small and 

positive and those on fish negligible. The potential for severe 

resource damage due to wildfires in defoliated stands, however, 

is significantly increased. 

Comparative Performance 

The overall objective of Douglas-fir tussock moth control is to 

reduce the damage and loss caused by this insect on all forest 

lands commensurate with forest resource and other environmental 

values involved. The control strategy is to prevent as much de- 

foliation and tree loss as possible thus avoiding most of the timber 

losses and need for extra fire protection expenses. 

Comparative Efficacy 

An analysis of available information indicates that diflubenzuron 

is the most promising of all materials tested as a substitute for 

DDT. Field tests during 1975 and 1976 in British Columbia, Canada, 

proved DFB to be highly effective chemical control for tussock moth 

agent. The material was very etfective when applied at 4 ounces 

giegereacte, 999.7, 92.2, and 86.6 percent, respectively, of the 

tussock moth larvae in the sprayed area were killed during 1976. 

The registration application for DFB on Douglas-fir cee moth 

‘will specify a 2 to’ 4 ounce a.i. per acre rate. Some of ite efficacy 

data indicated that this dosage rate could possibly te lower. 

eye is considered less desirable than DFB because of possible 

biological side effects at the necessary dosage of 2 pounds a.i. per 
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acre. Bacillus thuringiensis does not appear to be consistently 

effective at the registered level. Nuclear polyhedrosis virus 

is not commercially available ; DDT, thestracitiona la control mrs an. 

effective and less expensive than DFB but has been cancelled due 

to adverse effects on non target organisms. 

The factors to be considered in the selection of a control agent 

for Douglas-fir tussock moth control are summarized on Tables V-1, 

V-2, and V-3. Acephate is included because of its control potential 

based on tests conducted in 1975 and 1976. .Only aerial spraying 

is considered because ground control is not feasible on most of 

the sites. 
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ECONOMIC IMPACT ANALYSIS 

Profile of the Impact Area 

Many communities in the inland Pacific Northwest are heavily 

dependent on the timber industry. Because the U.S. Forest Service 

is responsible for managing a major portion of timber supplies it 

develops timber growing and harvest plans = provide for a continuous 

and stable supply of material for local mills. Other major land 

owners (states, timber companies) typically operate with similar plans. 

Any disruption of this steady flow of timber, brought about by heavy 

losses from insect attacks, will have Fae ableks s impacts on local 

processing plants and the local economies. Accelerated harvest of 

salvage timber may exceed local mill capacities and require increased 

log transport cost to more distant mills. More seriously, a severe 

reduction of the timber base from epidemic losses may require a reduction 

of the planned annual sales, thus curtailing mill supplies and economic 

activity for many years. Additional local government impacts are felt 

when Forest Service sales revenues are altered since counties receive 

25 percent of these revenues in lieu of property taxes. 

User Impacts 

The immediate impact of an epidemic outbreak of the Douglas-fir 

tussock moth affects timber management and the flow of timber .from the 

forest. Approximately 2/3 of the susceptable forest stands are publicly 

owned (state and federal government); the remainder are largely industrially 

owned forests. “Most of these forests are managed for long-term production 

of commercial timber producing a continuous flow of harvested trees for 
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for processing at local mills. A major uncontrolled tussock moth epidemic 

would result in large quantities of dead and severly injured timber. 

After an infestation harvesting costs would increase due to the 

irregular distribution of dead and damaged trees. Wood value would be 

lost progressively with time as decay developed following the death of a 

tree. Many trees would need to be cut before reaching mature size, 

sacrificing potential high value growth. The heavy accumulations of dead 

trees and logging debris would create a potential for forest fires, which 

could result in heavy timber losses and high protection and control costs. 

Many infested areas may require clear cutting followed by prompt replanting 

to replace lost growing stock. The orderly plans for forest management 

may be disrupted with resultant reduction of future rata for many 

years. 

As a practical matter the value of the timber salvaged may be only a 

fraction of original value;fire presuppression and suppression cost may increa: 

many-fold for several years; injured trees may fall prey to secondary 

insects; forest planting rates may need to be increased to many times 

beyond the normal replanting rate. 

Because future attacks cannot be predicted, the necessity to deal 

with the problem cannot be planned and scheduled. Current eftortsvare 

eee at Me ance and early detection to provide some lead time for 

organizing-control efforts. The only alternative operational control to 

DFB for a major outbreak is aerial spray with carbaryl with accompanying 

undesirable side effects. Research continues to seek more effective controls. 
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Analytic Approach 

The following quantification of potential impacts is based on a 

hypothetical infestation on 500,000 acres of which 350,000 acres would 

be treated. Damage and mortality estimates from the last major tussock 

moth attack of 1972-74 form a basis for thi's analysis. Costs associated 

with timber management were Geveloped by the Study team (Table v-4). Three 

control options were evaluated: carbaryl, diflubenzuron and no control. 

The efficacy of DFB and carbaryl to control tussock moth was assumed 

to be the same. The expected level of insect population control with 

either chemical is assumed to be 30 percent. Forest Managers would 

prefer to use diflubenzuron if available, because carbaryl has unwanted 

Side effects even though the economic benefits of its use are estimated 

to be greater than for Giflubenzuron. 

Summary of net losses 

The assumed uncontrolled Douglas-fir tussock moth outbreak on the 

350,000 acres treated is estimated to result in losses OfPS38.37emi lion: 

$18.10 million reduction in timber value, $5.82 million for increased 

planting cost, $14.45 million additional fire costs. Losses on the 

remaining 150,000 acres infested but not sprayed were considered to be 

negligable. (Table v-5). 

Use of either DFB or carbaryl is expected to reduce timber losses 

of the hypothetical arvana by 316.3 million and reduce additional 

Planting costs by $5.24 million. The additional fire control costs would he 

peitcad by $7.25 million if DFB were used, $11.55 million if carbaryl were 

used. Control costs of $3.73 million are expected for DFB, $2.77 million 

for carbaryl, (Table V-6). 
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Timber losses 

A number of assumptions were made concerning the biological and 

management, conditions under which Douglas fir and true fir are grown. 

(Table v-4). In some cases these assumptions were expressed as a low 

and high estimate to cover the wide variability of conditions expected to 

exist in the forest. Typical values are approximated by the midpoints 

of values calculated from these ranges. Mortality and growth losses for 

both mature and immature stands are calculated from the acreages expected 

to be found in various defoliation severity classes. Expected salvage 

recovery was substracted from these losses. The methodology for this 

analysis is presented in The Economic Appendix. A breakdown of the 350,000 acr 

sprayed into defoliation classes, the midpoint of estimated timber loss 

per acre, and the reduction in loss due to DFB control ae presented in 

Table V-7. 

Fire Costs 

Tussock moth control also results in reduced fire presuppression 

and suppression costs. This beneift is highly dependent upon weather 

conditions. It is also highly dependent upon the accessability of the 

defoliated areas to fire suppression crews. These conditions vary widely 

over the possible infestation area. In many cases the injured stands of 

timber will necessitate an increase in presuppression costs, fuel management 

costs, and suppressién costs. The risk of fire is ees by the presence 

of salvage operations. Areas of standing dead timber increase both 

the likelihood of rapid fire spread and of crown fires. Premature dying 

of foliage, twigs, and branches of surviving trees contributes to the dead 
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fuel loading. In areas of high fuel hazard with heavy loadings of smaller 

size dead fuels, combustion is more rapid, heat more intense and organic 

matter consumption more complete. 

From the 1972-1974 estimates of the increased fire Management costs 

due to the tussock moth outbreak, the expected costs ranged eran sel to 

$21.3 million. If these costs are assumed to be representative of the 

costs to be experienced over the region in general the expected increased 

fire management costs for the 350,000 acre control area would range from 

aL Loo ecOne Lo. 9smillion. 

From the biological data, it is expected that DFB is not as effective 

in reducing the fire hazard as was DDT. This reduced effectiveness is 

caused by the delayed killing action of DFB. It is noped that on an 

control area the spraying of DFB would reduce the fire management costs 

Byeae least One-half or py $6 to $8.5 million. Should carbaryl be used 

for control, its effectiveness would be expected to reduce these costs 

by 80 percent. 

Planting Costs 

| It was assumed by the study team that one-half of the Dead and Class I 

acreages would need to be planted. The remainder of the Dead and Class I 

lands would regenerate naturally. This estimate was considered to be 

conservative. Reforestation costs were estimated to range from $120 to 

$300/acre. This range would cover the wide variety of conditions expected 

to be encountered. The total acreage in Dead and Class I land is 55,500 acres. 

The acreage replanted is 27,750 acres. Costs are expected to range from 

Soa 34)to $8.32 million. 
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Microeconomic and Social/Community Impacts 

The impact on local or regional economies from a major uncontrolled 

tussock moth attach can be severe. Accelerated harvests will requiré 

additonal logging activity, added processing plant activity and/or 

increased log hauling to more distant mills. During the salvage period, 

typically 1-2 years, employment and economic activity will be increased. 

Lumber and plywood mills may produce greater than normal outputs. However, 

a quality loss may be associated with the salvaged timber. Additionally, 

Manpower will also be necessary for fire suppression and presuppression 

operations. Long range impacts are dependant upon the degree to which the 

sustained annual yield of the local timber supply is disrupted. 

Limitations of Analysis 

A principal source for biological and operational data was the 

USFS final Environmental Impact Statement prepared for the tussock 

moth control plan in 1974. No data for ex-ante losses and induced costs 

were available from the 1971-74 outbreak. All costs were ex-post. 

No operational experience has been accumulated for the use or effectiveness 

of either carbaryl or DFB; these estimates are based on limited testing 

on tussock moth. 
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Assumptions - tussock moth 

Table V-4 

Low estimate High estimate 

a. Annual growth rate/acre a/ elo mbE .20 mbf 

b. Rotation length a/ 60 yrs. 1 2O0RYaSs 

c. Regulation period a/ 40 yrs. 10 yrs 

d. Average volume/acre a/ 9.01 mbf 12 mfb 

'e. Reforestation cost a/ $120/acre $300/acre 

f. Natural regeneration a/ 50% 

g. Timber sale price b/ $60/mbf 

h. Acreage infested c/ 500, 000 

i. Acreage sprayed c/ 350,000 

j. Interest rate a/ 10% 

k. Years of growth affected e/ 3 

ieee of stand mature d/ 78.6 

m. % of stand immature d/ 21.4 

me Salvage value f/ $44.80 

o. Percent timber salvageable e/ 66.9 

p. Immature timber age e/ 30 yrs. 

q. Operational effectiveness of 

control, e.g. incomplete 

spraying, natural mortality 90% 

ee onan 

a/ Estimate of study team and USFS timber management staff 

b/ Estimate of past USFS sales 

c/ Estimate by study team 
d/ Timber statistics 
e/ USFS-DDT Request 74 
£/ USFS-DDT- Request. 74 adjusted to present price 
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Table V-5 

Estimated losses and induced costs of an uncontrolled 
attack on 350,000 acres of Douglas fir forest 

a 

. 

Losses and - Low ; High Midpoint 
costs 7 ; : 
ee 

(Million dollars) 

Timber 14.70 21.50 18.10 

Fire 11.99 16.90 sVAgaC 

Bleneine 3933 8.32 5.82 

Total losses 30.02 46.72 Shays eit! 

a/ The assumption was made that no economic losses ° 

could be quantified for the remaining 150,000 acres, 

lightly infested. Developed from data in the Economic 

Appendix for tussock moth. 

It3 





Table V-6 

Estimated losses and induced costs prevented 
by control of a tussock moth infestation on 350,000 acres a/ 

Losses and costs ‘* Low * High * Midpoint = i a ee ee 

(million dollars) 

Timber b/ = 13.24 | IO g 16.30 

Fire: 

DFB ¢/ 6.00 8.50 ies 
Carbaryl d/ 9.60 13250 155 

Planting 3.90 I549e. eras 

i 

Total Losses 

Prevented Using: 

DFB 22524 ba SA 20519 

Carbaryl 25.84 407.35 33.09 

DFB 

Control Cost: 2.84 4.62 SA [PS 

Net Benefit: 19.40 BOT 2 de 1s: 

Carbaryl 

COonLrol= Gost: Paae if) Qian Zerit 

Net Benefit: PES es 8 87556 Slay 

Difference in Net 

Benefit, Carbaryl 

vs DFB Shaan, 6.86 S25 

a/ From data in the Economic Appendix for tussock moth. 

b/ Assumes 90% effectiveness in reducing losses. ; 

c/ Assumed to reduce fire costs by 50 percent. 

d/ Assumed to reduce fire costs by 80 percent. 
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Table V-7 

Expected value of timber mortality and growth loss on an average acre of each 
damage class sprayed with DFB and for total acreage sprayed. a/ 

—————— 

Defoliation Expected * Percent of * Midpoint esti- * Expected re- 
severity * acreage * total sprayed* mated timber * duction in 
class " sprayed " acres loss/acre * timber loss 

; ; ; * due to DFB 
; ; * control total 
: ; > area 

(acres) (percent) (dollars) (mil. dollars) 

Dead 135700 339) 223550 3.06 

Class I 41,800 11.94 169.09 Thal OF; 

Class II 207,450 eo ee 21244 5.69 

Class III ; 87,050 24RoL 3.20 075 

Total 350,000 100.0 46.60 Lora 2 

a/ Developed from data in Economic Appendix for tussock moth. Assumes approxi- 

mately two-thrids of this loss is on federal land, with the remainder on 

state and private land. 
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VI. PRELIMINARY BIOLOGICAL AND ECONOMIC ASSESSMENT OF DIFLUBENZUON 

USE FOR MOSQUITOES 
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VI. PRELIMINARY BIOLOGICAL AND ECONOMIC ASSESSMENT 

OF DIFUBENZURON USE FOR MOSQUITO CONTROL 

CURRENT USE ANALYSIS 

Current Controls 

Diflubenzuron (DFB) has a temporary permit for mosquito control 

on sites excluding crops, areas used for food, feed, hay pasture, 

potable water or water for livestock. Broader registrations exist 

for fenthion, chlorpyrifos, parathion, temophos, methoprene and 

diesel oil. Non-chemical methods include mosquito-eating fish, 

aquatic vegetation control, and elimination of breeding habitats. 

Over 500 public agencies in the United States and Canada have 

operational mosquito control programs. While some mosquito control 

is attempted by individuals around homes and outdoor recreation 

facilities, most control efforts are by organized mosquito abatement 

districts (MAD). Often a combination of control methods are used 

in a MAD. For temporary control, larvicides are applied to water 

where mosquitoes are breeding. Some insecticides kill adults as 

well and have been used for several years as residual treatments 

Or space sprays. Source reduction (permanent control) includes 

use of mosquito-eating fish, control of aquatic vegetation, and 

elimination or management of water used for breeding sites. 

Need for Control 

Mosquitoes transmit a number of human and animal diseases. Partly 

because of a long history StecOmerOuitmine United States, diseases 

such 2 PALA eee fever, dengue and several forms of encephalitis 

areevitially unknown. Mosquitoes carrying some of these are still 

Bits 
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found in the U.S. and, when not effectively controlled, can cause 

epidemics. In 1975, 2200 cases of mosquito-carried encephalitis 

were confirmed, including at least 30 deaths. In addition to health 

factors, mosquito control is justified on the basis of discomfort 

caused by bites, reduced productivity of outdoor workers, and loss 

of enjoyment of outdoor recreation sites. 

Livestock are equally affected by mosquitoes. Diseases such as 

anaplasmosis, Equine Infectious Anemia, EEE , WEE, and VEE are transmitted 

by mosquitoes. The last named, Venezuelan equine encephalitis, 

threatened to seriously disrupt the rodeo season in 1972, because 

ee corcing horses from or through states with the epidemic was 

forbidden. Stress caused by mosquito bites also leads to reductions 

in milk production among dairy and weight gain in beef cattle. 

COMPARATIVE PERFORMANCE EVALUATION 

Comparative Efficacy 

Fenthion, chlorpyrifos, and parathion will control both larvae and 

adults except in areas of high organophorphorus resistance (mainly 

central California). Temophos is an effective larvicide except in 

central California where resistance is high. Methoprene, a larvicide, 

is not effective against Culex larvae. Only DFB is an effective 

larvicide for ail areas. 

Diesel oil is an effective larvicide but is not Peeommended for 

large-scale control for reasons discussed below. 

Because of label restrictions ,DFB can probably be used on only 

5 percent of ¢urrently controlled sites. It is the only feasible 

alternative, however, in areas where mosquitoes are resistant to 

118 
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other insecticides. 

Comparative Costs 

Per acre chemical costs range from $0.20 for parathion to $5.40 

for diesel oil (see Table VI-1). Cost of DFB will be approximately 

$1.20 per acre. Most Mosquito Abatement Districts are able to choose 

the less costly alternatives, other factors being equal. 

Z Control Problems 

Diesel oil and non-chemical control methods are precluded from 

areas where wildlife habitats are important to society, such as salt- 

marsh bird refuges. Manipulation such as draining or vegetation control 

is often undesirable in such areas. Diesel oil sprayed on water 

surfaces also renders the site temporarily useless for other activities 

such as fishing or boating. 

ECONOMIC IMPACT ANALYSIS 

User *impacts 

At the present, mosquito resistance to the registered pesticides 

is found almost exclusively in central California, a highly productive 

agricultural region. Diesel oil is not an acceptable control method 

in most breeding sites because of its phytotoxicity. Failure to 

register DFB would leave some MADs in California with no effective 

control for all mosquitoes. 

Mosquito resistance is expected to increase. Estimates are that 

this will build Seen over the next five to ten years to require 

substitution of a new chemical on 10 percent of the acres sapere 

treated. 
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Market Impacts 

Because of the nature of the mosquito control program, market 

impacts were not investigated. 

Consumer/Social Impacts 

Livestock producers could face a yield loss if mosquito control in 

the area was less effective. Users aE outdoor recreation facilities, 

such as a riverside park or a rural campsite, would find these places 

less enjoyable and woud probably stop using them. Without effective 

control of mosquitoes, public health expenditures could be expected 

to rise. Increased risk of the spread of equine diseases carried 

by mosquitoes could interfere with enjoyment of sports and other 

events which involve the movement of horses from one region to another. 

Given the label restrictions, however, the likelihood of these 

impacts due to loss of DFB for mosquito control is very low. The 

only area identified as having resistance problems with other insecticides 

is central California, and DFB can be used on only a small number of 

sites. Except in the case of an epidemic of either human or equine 

diseases,all impacts are expected to be negligible. 

Limitations 

Lack of data on the actual amounts of each insecticide used annually 

prevented a comparative analysis. 
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TABLE VI-1 

Major Chemical Alternatives for :Mosquito Control, 

Application Rate, and Chemical Treatment Cost Per Acre 

nT 

Rate of application Cost per Chemical cost 

Chemical per treatment Unitas. per treatment 

Clibs seas s/acre) dollars een ti ($/ acre) 

a ee nal ella anal 

parathion 0.100 2,00 LD, eeu 

chlorpyrophos 0.050 12.00 1b. 0.60 

temophos 0.050 12.00 ibe , 0.60 

fenthion 0.100 00 ibe 0.70 

methoprene O7025 80.00 Lb. 2200 

DFB 0.025 48.00 iL De W200 

diesel oil iZgcal. 0.45 gas byr-s0) 
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APPENDIX III-A 

. Summary of Field Tests Demonstrating the Efficacy of 
Diflubenzuron in Controlling Boll Weevil Populations 

ad Maintaining Beneficial Insect Populations 
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APPENDIX ILI-A 

Summary of Field Tests Demonstrating the Efficacy of Diflubenzuron 

in Controlling Boll Weevil Populations and 

Maintaining Beneficial Insect Populations 

Seasonal Development of Boll Weevil 

Boll weevil development (i.e., population increase) requires food 

and favorable weather. Cotton squares are the preferred food for rapid 

development of the immature stages and for the high rates of egg-laying 

by the adults. The rate of cits ere in bolls is somewhat slower and 

bolls become unsuitable for egg deposition at about 16 days of age. 

A mean tempature in the low 80's is optimum for rapid weevil 

population increase. Interestingly enough, the mean July temperature 

throughout the U.S. boll weevil belt ranges from 78 to 86 F., optimum 

for the boll weevil. 

The immature stages (egg, larva, pupa, and callow adult) are passed 

a 2 Weeds in squares at optimum temperatures. The previposition 

period requires 5 or 6 days. This gives a minimum generation time of 

Beay2 to 3 weeks. 

The egg-laying period lasts for 3 to 6 weeks-as long or longer 

than the developmental period. Some 250 to 300 eggs are laid by a 

female ee 

Infested squares turn yellow, flare, and usually drop to the 

ground. Here they may be exposed to fatal high temperature, erly 

referred to as “sum kill." The squares detached from the plant are 

subject to dissication, which may prove fatal to the larvae and papae. 

The combination of hot, dry weather is the most common mortality facotor 

limiting the rate of increase of boll weevil populations during summer 

when food is abundant. 
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Weevils starve in the absence of food except when they are in a 

state of repreductive diapause. Weevils in dispause survive from one 

crop year to the next. 

Complete description of seasonal population development in strutting 

cotton is complex. Diapausing boll weevils enter the following crop 

over Piione time period, often a month after fruiting has begun. The 

egg-laying period is usually longer than the develonmental period, 

giving a complete overlap of generations. Weather affects developmental rates, 

egg-laying period is usually longer than the developmental pertod, 

giving a complete overlap of generations. Weather affects developmental 

rates, egg-laying, and mortality. Weevils enter diapause, removing then 

from the reproducing population. 

mepractical alternative to complete analysis of this complex 

interplay of factors is simply to measure populations by field scouting. 

Boll aye populations increase 2.5-fold weekly under favorable conditions, 

Hot, dry weather reduces this rate, often drastically. As the EruLe 

load shifts from mostly squares to mostly bolls, the increase rate 

slows down. 

A given field may provide abundant squares for weevil development 

for 6 to 9 weeks, depending on soil fertility, variety, weather, irrigation 

etc. At 2.5-fold rate of weekly increase, the seasonal population 

increase would be 100-fold in 6 weeks and 1,600-fold in 9 weeks. 

A boli weevil control program, as presently practicided, Wer LLZes 

the actual rate of increase in deciding whether or not to apply insecticides. 

In a boll weevil elimination program, it would be prudent to assume 

the maximum rate of increase. 
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rep ecelovaent and Efficency of Diflubenzuron 

for Boll Weevil Suppression 

Diflubenzuron has been tested for harmful effects on at least 10 

species or groups of parasites and predacious arthropods that commonly 

occur in cotton fields. Laboratory and cage tests in Texas and Missouri 

have demonstrated that diflubenzuron has no lethal or sublethal effects 

on 3 species of parasites tha” attack eggs and larvae of the cabbage 

looper, lollworn, and the tobacco budworm. In Missouri, diflubenzuron 

applied at 5 times the recommended rate caused no significant mortality 

to immature and adult lady beetles, big-eyed bugs, and green lacewings. 

However, at higher dosages diflubenzuron did cause some mortalicy in 

green lacewing larvae, and in the Texas studies disrupted reproduction 

in that species. 

Although laboratory studies in Texas and North Carolina showed 

diflubenzuron interfered with egg hatch in a species of a lady beetle, 

these predators soon recovered “hen exposure was terminated. In the 

North Carolina study, diflubenzuron did not harm big-eyed bugs. 

Field studies were conducted to determine the impact of diflubenzuron 

on populations of beneficial arthropods in cotton fields in Texas and 

North Carolina. Texas studies indicated there were no significant 

differences between opoulations of beneficials in diflubenzuron treated 

and untreated fields. In North Carolina only populations of big-eyed bugs 

showed possible reduction as a result of the diflubenzuron treatment. 

In contrast, both North Carolina and Texas studies showed that the use of 

conventional insecticides drastically reduced beneficial arthropod 
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populations. Therefore, the harmful effects of diflubenzuron on beneficials 

insects appears to be small while offering selective control of the 

boll weevil. Conservation of beneficial insects can result in fewer 

Pre oreake of lepidopteran pest species. 

In 1977, Ganyard et al (unpublished) applied 8 applications of 

diflubenzuron to all cotton fields in Chowan County, North Carolina, 

at weekly internals between June 18 and August 4. Half of the fields 

received 0.03125 lb/acre while the other fields were treated with 0.0625 

lb/acre. There was not a detectable difference in effectiveness between 

Peerments. However, overwintered boll weevil populations were extremely 

low and evaluation was difficult. 

In 1977, on the Rolling Plains of Texas, 3 applications of diflu- 

“benzuron were Ae ited sat the rate of 0.06 lb/acre during a 3-week 

“period. Tidwell (unpublished) reported all eggs examined in infested 

“squares failed to hatch. 

The efficacy of diflubenzuron against the boll weevil has been 

‘clearly demonstrated by all serene who have tested it at many 

locations across the boll weevil infested part of the cottonbelt. 

‘Field research with diflubenzuron against the boll weevil has been 

conducted in such a way so as Cet oman cally, determine efficacy 

and (2) subsequently determine dosage and interval. Tn initial tests, 

diflubenzuron was applied to cotton plantings at relaitvely high 

‘dosages and frequent (4- or 5-day) intervals. In the initial field 

tests vs Voy dmand a9) 5;e20) 00.0 applications of diflubenzuron applied 

m5 and .o 1b ae per acre. Subsequently in 1976, fewer treatments 
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feetO 12) applied at § to 7 day intervals with dosages of 0.0625 and 
0.125 lb/acre were found to be highly effective in suppressing boll 
weevil populations. In addition, several tests were conducted in 

1976 comparing the effectiveness of 0.03 and 0.06 lb/acre. In most 

experiments both dosages appeared equally effective. However, at 

one location (Florence, South Carolina) the 0.06 lb/acre dosage appeared 

superior a the 0.03 lb/acre rate. 

In 1976 at Altus, Oklahoma, Coakley applied 6 applications of 

diflubenzuron at weekly intervals at OmO35, 0206 and 0-12 1b/acre. 

All dosages effectively suppressed the boll weevil populations. 

Jn Arkansas during 1976, Lincoln applied 6 or 7 applications of 

diflubenzuron at rates of O203580.06s8and.0.12 lb/acre. All treatments 

effectively Suppressed the boll weevil population. 

mu 1977, Ganyard et al applied 8 applications of diflubenzuron to 

all cotton fields in Chowan County, North Carolina, at weekly intervals at 

dosages of 0.03 and 0.06 lb/acre. There was no detectable difference 

between treatments. This experiment was conducted from the viewpoint 

of eradication. If the goal has been seasonal suppression of boll weevil 

population, fewer treatments would have been needed. 

Present research findings and expert opinions across the cotton- 

belt indicate that 6 applications of diflubenzuron (0.0625 lb/acre) 

applied at weekly intervals will effectively suppress boll weevil 

Populations so that other insecticidal measures will usually not be 

Tequired to control the boll weevil. 
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Use of Beneficial Arthopods for Control of Heliothis : ecnea) 

The importance of predators in regulating populations of Heliothis has . 

° 

recognized for many years (Quaintance and Brues, 1905; Fletcher and Thomas, 1943; 

Ewing and Ivy, 1943; Whitcomb and Bell, 1964; vanden Bosch and Ha en, 1966, Lingren 

et al, 1968). 

There are probably 350 to 600 or more beneficial insects associated wit! 

cotton fields (Whitcomb and Bell, 1964; vanden Bosch and Hagen, 1966). However, 

“Ridgway (1969) found in Texas tnat LO, co 15 species are probably the principal 

regulato1s of Heliothis populations. Some of the more important predators are the 

_big-eyed bugs, Geocoris Spp-; damsel bugs, Nabis spp.; flower bugs, Orius spp. ; 

green lacewings , Chrysopa spp.3; and lady beetles, Hippodamia spp.; and 
—— 

Colemegilla spp. 
—— 

Ridgway et al (1969) established that approximately 200 to 2,500 bollworm 

| larvae were required to cause economic damage to cotton during July and August 

under Texas conditions. Populations of Heliothis spp were suppressed by inun- 

. dative releases of Chrysopa Spp larvae gave effective bollworm/tcbacco budworm 

control. Ridgway and Jones (1968) showed that releases of 292,000 Chrysopa 

larvae/acre reduced numbers of Heliothis larvae by 96% and resulted in yields 

3-fold greater than the untreated control. Similarly, Ridgway and Jones h1r9Go.) 

found that releases of Chrysopa eggs at the rate of 50,000 and 200,000 per acre 

provided effective control of tobacco budworms. These authors Seah that 

the release of 50,000 Chrvsopa eggs per acre pave adequate eel of Heliothis 

ee 

_ populations. 
: 

Conservation of naturally occurring predators and parasites is of importance 

ee eutacing: Meliothis 
populations. The selection and use of selective insecticid 

Which x not destroy these natural enemies not only conserves naturally occurring 

beneficial insects but also makes augmentation by supplemental releases a feasible 

proach to Heliothis control. 
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Impact of Difluben

zuron on Beneficial
 Arthopods 

Diflubenzu
ron has been treated for harmful effect oe heed 

s on at least 10 species 

or groups of parasites and predacious
 arthropods

 that commonly occur 

4n cotton fields. Laboratory
 and cage tests in Texas and Missourz have 

demonstrate
d that Dimilin has no lethal ot sublethal effects on 3 species 

of parasites
 that attack: eg3s and larvae of the cabbage looper, boliworz, 

and the tobacco budworm. in Missouri, Dimilin applied at 5 times the 

recommended
 rate caused no significan

t mortality to eee and adult 

lady beetles, big-eyed bugs, and green Lacewings-
 However, at higher 

dosages Dimilin did cause some mortality in green lacewing larvae, and 

in the Texas studies distupted reproducti
ons in that abies: 

— 

though laboratory
 studies in Texas and North Carolina showed 

Dini lin interfered
 with egg hatch ster et species of a lady beetle, these 

predators soon recovered when exposure was terminated.
 In the North 

Carolina study, Dimilin did not harm big-eyed bugs. 

Field studies were conducted to determine the impact of Dimilin 

on population
s of beneficial

 arthropods in cotton fields in Texas and 

North Carolina. Texas studies indicated there ere m0 significan
t fate the 

ferences between population
s of beneficial

s in Dimilin-tr
eated and 

untreated fields. in North Carolina only Bopulation
s of big-eyed bugs 

showed possible reduction as 4 Meare 6: the Dinilin treatment. Toecou 

trast, both North Carolina and Texas studies showed that the use of 

convention
al insecticid

es drasticall
y reduced beneficial

 arthropod poP~ 

ulations. Therefore, the haraful effects of Dimilin on beneficial insects 

appears tO be small while offering selective control of the boll weevil. 

Conservati
on of beneficial

 insects can result in fewer outbreaks of 

lepidopteran 
pest species. 

\ 
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Qualitative Biological Assessment of Diflubenzuron 

Diflubenzuron is a specific action insecticide which could be applied 

to prevent retroduction by the boll weevil without significantly interfering 

yith natural control provided by parasites and predators of the bollworm - 

‘tobacco budworm complex. Presently used organophosphorus insecticides 

applied for boll weevil control limits use of bollworn control procedures 

to broad spectrim insecticides applied at high dosages. The use of diflu- 

benzuron applied for boll weevil control will provide new opportunities eke 

- pollworm control: natural predators alone; natural predators + bollworm ovi- 

cides; natural predators + bollworm pathogens; and natural predators + released 

predators and/or parasites; and perhaps other methods not yet developed. 

Currently used organophos;norus insecticides delay plant maturity and 

‘time of crcp harvest. The use of diflubenzuron will result in earlier harvesting 

of the crop, potentially reducing losses due to unfavorable weather during 

harvest period, and perhaps increasing yields when the crop is extremely late. 

e ? 
aos . 

Coste dts Vis Fp ay Set 4 At ete, Sty oe 

bbe experimental
 pyrethroid insecticides are registered for use on cotton 

YN 

and are substituted for currently used organophosphate 
insecticides, the cost 

for controlling bollworms and tobacco budworms will increase substantially. 

The use of Dimilin tn many parts of the cotton belt should substantially re- 

duce the need for these more costly insecticides. 
. 

Within the past 15 years, the extensive use of certain weed control herbi- 

cides as well as organophosphate 
insecticides have delayed the maturity of the 

cotton crop. Tne effect of delayed maturity of. the cotton crop, reduced cot 

ton acreage, and increased corn acreage (as well as other changes) in some 

areas have substantially {increased the need for controlling bollworus ana 

tobacco budworms on cotton during late-season. 
High dosuges of organophos- 

phate insecticides applied for control of bollworms and tobacco budworms on 





conc 

site ] 
(Se : estes! Rare cant 

208? 5 ie ? 

cotton ets ae and September Meroe ively reduce boll weevil populations 

erently eid result in lower boll weevil populations the next crop season 

Research at several locations has resulted in earlier fruiting cotton 

yarieties which have been released for grower use. These eariter fruiting 

yarieties have the potential of reducing the bollworm - tobacco budworm problem 

py setting and maturing an earlier crop thus escaping large NS eet (oa 

yorn - tobacco budworm populations. Should the use of earlier fruiting varieties 

| oF other technical advancements result in reduced reliance upon high dosages 

- of organophosphate insecticides for nantes of bollworm - tobacco budworm pop— 

ulations, then boll weevils would again be the major insect of cotton in these 

reas. The potential use of diflubenzuron for boll weevil suppression 

qurd be highly advantageous. 
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Diflubenzuron's Relationship to IPM 

moasect control in cotton Peeetcrion has undergone a significant 

transitio:. which bodes well for growers, consumers, and the environment. 

This transition is a bridge between two pest management regimes. The 

prevailing regime, emphasizes the authomatic-schedule spraying of 

insecticides. The second regime, which is becoming more widely accepted 

emphasizes the evaluation of pest management practices in light of the 

appropriate “open dynamics; the generic name for this practicide is 

integrated pest management (IPM). Operationally, IPM users utilize 

pest scouting, phermone traps, the use of quick maturing varieties of 

cotton, the use of nontoxic chemica’ controis, the use of parasitic 

and predator controls, release of sterile male insects, the use of 

viruses and bacteria which will reduce pest population, new cropping 

and tillage techniques and the judicious use of toxicants. 

Cotton growers have increasingly become aware of the long run 

and short tun advantages of switching to a multidimensional program 

to reduce pest damage with the results being both no reduction in 

profitability and reduction in the number of pounds and the number of 

kinds of toxicants which are discharged into the air, water, and land. 

Citing from the National Ctton Council of American's rebuttal 

against the RPAR of toxaphene (date 10/12/77): 

In 1972 about 3,366,000 acres of cotton (approximately 

25 percent of the crop) were scouted and under pest manage- 

ment. Approximately 25 percent of this was scouted by 

extension-trained growers, 25 percent by extension scouts, 

40 percent by private consultants. In 1976 about 2/ 

3,973,500 acres of cotton were scouted in this fashion. 





This represents about 37 percent of the harvested cotton. Excluding the 2,500,000 acres of cotton in the Texas High Plains where insects were not a major problem, the per- centage jumps to about 47. 

It has been demonstrated that the increased use of scouting and other 

IPM techniques can reduce the need for strict adherence to toxicant 

only management strategies. The Environmental Protection Agency 

contracted for a study of comparative efficacy of IPM verses conventional 

pest management regimes. Several crops were studied; there was large 

section on cotton which was geographically diverse and thorough 

fin analysis. The following data is presented here for illustration 

purposes and oer predictive of diflubenzuron's use erficacy in an 

IPM regime. 

(1) For the year under, study cotton yields using iPM yields 

showed an increase in ll of 13 programs; in two programs there were no 

yield changes. Yield increases Tangecde trom) ou to 230 pounds 

of cotton per acre. 

(2) Among IPM users 14 of 17 pest management programs which 

collected data founds that the use of insecticides fell by 

$3 to $4 per acre or a decrease of 20 to 86 percent meaning 

2 to 4 pest control pale tah geal rie= per year. Three of the 

programs noted increases in insecticide use. 

(3) Of the 16 programs which adequate data was available, 15 

noted an increase in farm profits. 

(4) The above trenls were coroborated by a statistical analysis 

Of Caldfornia’ data: 
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IPM is a viable alternative to conventional pest management strategies 

How Can Diflubenzuron Be Utilized in a IPM Regime? 

There are six stages of development for upland cotton. Each stage 

provides a distinct environment for pest activity ani consequently 

a distinct pest management technique may be required if broad aysaeaen 

toxicants conflict with the goals of an IPM production process. 

The six stages of development are planting stage, seedling stage, 

early season, mid season, late season, and fall season. The dominant 

pests are chronologically thrips, aphids, cutworms, plant bugs, flea 

Roppers, boll weevils, bollworm and tobacco budworm. Treating every pest 

with traditional toxicants can exacerbate subsequent pest problems (for 

beneficial insects which tcad to reduce pest infestation are often 

killed slong with the damaging pest). 

pieapencuron is used to treat boll weevil infestation. Its 

most attractive characteristic, in terms of IP? features, is that 

beneficial insect populations are undisturbed and the need for other 

pest management techniques can be reduced. 

The two major pests confronting most cotton producers are boll 

weevils and the boll worm tobacco bud worm complex. Fcr example, 

it has been reported if thrips, plant bugs, and spider mites 

are not treated in Alabama the yield loss expected would be less than 

five percent, for Mississippi if the same insects went untreated less 

than a ten percent decline in yields is ee However, if 

boll weevils and bollworm-budworm go untreated the crop will not be 

Porth meen 

nn 

1/. Cotton Insect and Weed Loss Analysis, Donald VY DeBord, Dec. 1977, 

The Cotton Foundation. 
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Since diflubenzuron has not been field tested under conditions 

intended to simulate an IPM regime it is not possible to quantify diflu- 

benzuron's contribution toward the ee of IPM. However, the avail- 

ability of two non-toxic chemical Heliothis control treatments suggests a 

regime which may permit weevil/worm treatment while facilitating 

the action of beneficial predators and parasites. Chloridimeform 

and Bacillus thuringensis are both used for bollworm—budworm control. 

Chloridimeform is an ovicide; this egg-killing ability is not found 

in many insecticides. The bacterium, Bacillus thuringensis is a 

seductive worm killer which acts by paralyzing the worms gut and the 

infl-:ts the worm with a highly specific disease; feeding soon halts and 

the worm dies within few days. 

One can imagine a pest management program which includes the use of 

close scouting, diflubenzuron (for treating weevils), chlordimeform and/or 

Bacillus thuringensis, and the late season use of toxicant for 

reproductive-diapause boll weevil control. Application rates and 

schedules for application cannot be conjectured. Furthermore, yield 

changes and grower cost cannot be estimated. What can be qualitatively 

estimated is that diflubenzuron use contributes toward an IPM regime 

which may significantly reduce the load of organphosphates and chlorinated 

hydrocarbons which cotton production nae discharged into one environment. 

Lastly it should be noted that currently used ogranophosphorus 

insecticides delay plant maturity and time of crop harvest. The use of 

diflubenzuron will result in earlier harvesting of the crop, potentially 

reducing losses due to unfavorable weather during the harvest period, and 

perhaps increasing yields when the crop is extremely late. Also 

early maturing crops reduce losses due to Heliothis and contribute 

toward diapause control. 
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APPENDIX III-B 

Example of Calculations in Table III-5 





10. 

1. 

2. 

APPPENDIX III-B 

Example of Calculations in Table III-5 Using FEDS Area 400 in 
Georga: Cost Savings from Substituting Diflubenzuron for 

Currently Used Insecticides to Control Boll Weevil 
and Bollworm-Budworm (Heliothis) 

"Acreage in Area" - total cotton acreage in FEDS 
region (1975). 

"Control Costs with Currently Used Insecticides, All 
Insects" - area average of insect control costs, 
including insecticide material and application (1975 
data inflated to 1977 price level). 

Cost of controlling insects other than boll weevil and 
hollworm-budworm with current insecticides - 
proportion of weevil-infested acreage where concurrently 
occurring insects would render diflubenzuron ineffective, 
multiplied by line 2. (The proportion, 2.3 percent, came 
from the questionnaire results.) (.023)($92.24) = $2.12 

Boll weevil and bollworm-budworm (Heliothis) control cost" 

using current insecticides - line 2 minus line 3. 

Boll weevil treatment cost using current insecticides - 

application cost ($3.00) multiplied by number of appli- 
cations (10). (Data from questionnaire results.) 
($3.00) (10) = $30.00 

Bollworm-budworm (Heliothis) control cost using current 

insecticides —- line 4 minus line 5. 

"Value of Natural Predators" of bollworm-budworm 
using diflubenzuron - percent reduction in acre treat- 

ments necessary to control bollworm—budworm when 

natural predators are not interfered with, multiplied by 
line 6. (The percent reduction, 30 percent, came from 

the questionnaire results.)(.3) ($60.12) = $18.04 

"Residual Bollworm-Budworm (Heliothis) Control “ost" - 

fine 6 minus line 7 

Seasonal costs of controlling boll weovil with difluben- 

pron 3 (o5-00/ormea. 1. + °50.40/2 qts. ofl carrier + 

$1.50/acre application cost) (6 applications per season) 

"Cost of Diflubenzuron Regime” - line 8 plus line 9 

"Savings from Use of Diflubenzuron Regime Per Acre" - 
line 4 minus line 10. (If zero or less, assume dif- 

lubenzuron will not be used, e.g. Alabama.) 

Aggregate savings from using diflubenzuron regime - 
line 11 multiplied by line 1 : 

75,700 acres 

$92. 24/acre 

-iZ/acre 

.i2/acre 

-$30. 

= $60 

00/acre 

(12/acre 

-$18. 

= $42 

04/acre 

.08/acre 

+$29, 

= $71. 

40/acre 

48/acre 

.64/acre $18 

$1,411,000 
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APPENDIX III-C 

Annual Number of Applications 

to Control Boll Weevil, Currently 

Used Insecticides 





oo a 

Appendix III-C 

Table 1 

Annual Number of Applications to Control ,Boll 
Weevil, Currently Used mecwsiagee! 

i 

Number of applications by level 

of infestation): 
Region ard State UTM eC. 

LOW see Moderate High 

- Southwest | 

Alabama 3 Cae Wy 

. Georgia 5 10 tS 

North Carolina. - Sear 7 11 

South Carolina ca a eee | 12 

Delta 
Arkansas 0 5 10 

itietuna 3 | 5 jue 

Mississippi a - 5 12 

Missouri 0 | 3 5 

Tennessee 0 . : 3) 10 

Oklahoma 1 | , 3 6 

Texas 5 8 ie 

a/ USDA/State/EPA Diflubenzuron Assessment Team for Cotton 

b/ Numbers of applications for most efficient-least cost material. 
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APPENDIX III-D 

Estimated Impact of a 5 Percent Yield Increase Resulting 

from Improved Cotton Pest Controls on 1.3 Million Acres 
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APPENDIX III-D 

Table 1 

Estimated impact of a 5 percent yield increase resulting from 

improved cotton pest controls on 1.3 mil. acreage 

LEE Average yield 5% increase Total Value 

state and per acre in most over average increase in | of 

| region Acres feasible region yield per acre production increase 2 

| 1,900 acres = ---------- Pounds / aeLe.----————— 1, 000Ti bs: $1,000 

| Southeast 

AL 0.0 

GA 35.0 496.5 23.5 eee 1,642.4 

NC 56.0 390.0 19.5 1,092.0 574.4. 

, SC 0.0 * 

| Total 189.0 436.7 21.3 Biel ou 27216.5 

pata 
| LA . 289.0 512.0 25.6 7,398.4 3,891.6 
' 

MS TH) as 443.0 eo eo 15 ,781.9 Bes 01ecm 

| Total 1,001.5 462.9 PAV At Lynley) Sys y de 

Southwest 

ye (total) 111.4 413.1 20o7 2,306.0 Teles 

: TOTAL Dol. 452.0 Cano 29,/700.0 LOpGec. 

a 
eee UE EEIEIEEEIEEEEEE SESE 

Firm Enterprise Data System; weighted average of subregions included. 

Based on the pricr of cotton at $.526/pound. The price of cotton is a weighted 

average of prices received and quantity produced. USDA. 19775 sAgriculturalL 

Statistics. USGPO, Washington, D.C. 
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APPENDIX III-E 

Estimated Substitution and Displacement of Current Control 
Regime Insecticide Materials by a Diflubenzuron Regime 
for Suppressior: of Boll Weevil and Bollworm-Budworm on 

‘ Feasible Acreage 
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Appendix III-E 

Estimated Substitution and Dispalcement of Current Control Regime 

Insecticide Materials by a Diflubenzuron Regime for Suppression 

of Boll Weevil and Bollworm-Budworm on Most Feasible Acreage 

’ 

The use of insecticides on cotton re of concern to growers in 

attempting to minimize the costs of production and to the public for 

health and environmental reasons. Diflubenzuron use based. on existing 

data and expert opinion may serve as a substitute for existing boll 

weevil suppression materials. Also, because of the specific nature of 

diflubenzuron effecting only the boll weevil, actions of the natural enemies — 

of the bollowrm-budworm complex would delay the beginning of the control 

schedule, thus, displacing a few costly and intense insecticide treatments. 

Appendix Table IIi-E 

Table estimates the ene of current, popualr pete substituted 

for and displaced by a difiubenauron regime. The Lessa of materials 

is from the 1976 National Pesticide Survey, preliminary data USDA, and is 

considered homogeneous across the regions for purposes of analysis. The 

listed conventional insecticide materials are not 2xact substitutes in 

all cases Set user preference, atomospheric, and agronomic conditions 

Pdictate the choice of materials). The number of acre-treatments Ane the 

rates of application are from the USDA/State/EPA Diflubenzuron Assessment 

eam. The quantity of diflubenzuron used is calculated from the proposed 

Fai: 

total rate scheduling of 6 ounces per acre year. 

An estimated total of 5,569.6 thousand pounds of boll weevil suppression 

materials would be substituted for 487.9 thousand pounds of diflubenzuron 
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On the feasible acreage and 8,264.9 thousand pounds of bollworm- 

budworm materials would be displaced by actions of the natur.rl enemies. 

The average net decrease in insecticides applied Peveacre is’ 6.4 

pounds. 
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--Estimated substitution and displacement of current control regime insecticide materials by a diflubenzuron regime for suppression of boll weevils and . bollworm/budworm on most feasible acreage. 1/ 

Quantity of current materials Substituted for boll weevil suppression 2/ 

Toxaphene Methyl + Azinphos- : Oth parathion : methyl aa 

Thous. acres Thousand pounds active ingredients 

Southeast 189 430.7 870.1 10757 SES 
Delta 1,001 1,501.5 OLA 375.4 22354 
Southwest us ; 266.4 266.4 66.6 Bien 

Total TESOT 2,198.6 2,638.0 "549.7 
eee 

183.2 

Quantity of current materials displaced for bollworm/budworm control ey, 

Methyl 
parathion 

Mono 

crotophos: 
Toxaphene 

Other ; Total 

Thous. acres - ~ - -- -—-— — — Thousand pounds active ingredients - - = — we — we ee oe 

Southeast 189 484.6 Oe Pee | 315.0 242 TLE 969.2 Delta LUO) 3,224.0 483.6 2,095.6 hie 483.6 6,448.0 Southwest 1d 1. 423.8 63.6 21250 Pa Neg 63.6 847.7 

Totai 1,301 4,132.4 619.9 A etols Path 206.6 619.9 8,264.9 | 

Estimated total diflubenzaron use and the substitution 
or displacement of current materials 

Total 

estimated 

diflubenzuron 

use 

Total i Net 
substituted * change in 
or displaced * quantity 
current 
materials eo 86 be 68 oe eo 08 68 068 8 

pounds active ingredients 

Southeast 

Delta 

Southwest 

Total 13,834.5 

¢ 

1/ Diflubenauron substitutes for boll weevil suppression materials and displaces some 
boilworm/pudworm controls by noninterference with natural enemies. Table III-S for 

| example of most feasible acreage. The price of diflubenzuron is assumed to be $3 per 
. once. 

‘2/ Major control materials were identified by the Federal/State Dimilin Assessment 
ft - Team. They are assumed to be distributed homogenously throughout the United States. 
| New jnsecticides such as synthetic pyrethroids are not included because of limited com- 
| -mercial use. The data are from USDA/ESCS, 1976 National Pesticide Use Survey. 
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APPENDIX, TV-A 

ESTIMATED SOYBEAN ACREAGE TREATED, BY 

STATE AND LEVEL OF INFESTATION: VELVETBEAN CATERPILLAR 
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APPENDIX 1V-A, Table 1 

Estimated Soybean Acreage Treated, My, 

by State and Level of Infestation: Velvetbean Caterpillar” 

Velvetbean Caterpillar Ronee Velvetbean Caterpiljar with All Velvetbean Caterpillar 

E, = Other Insects ACYCaAgen ined cc | ae 

Ww Moderate High Total Low Moderate _ ~ Wish | Total Low Moderate High bWekenct 

ann RIn MEIER oe, ioc ese Pe = en e 

83 11 , 9 103 63 10 8 81 146 21 uy) is. 

300 101 56 457 17s 64 36 278 478 165 92 735 

32 119 65 216 11 39 cat 71 33 158 86 2ey 

367 299 124 790 88 aL7 45 250 455 436 169 1,04" 

149 ; 44 23 216 127 38 19 184 276 82 42 Gi: 

129 38 17 184 108 31. 17 156 237 69 34 34 

oma 10 | @ 0 10 0 0 0 0 10 0 ie) i 

a a ee ee mes z 

1,070 612 294 1,976 575 * 43h) 146 1,020 1,645 911 440 25S8 

data from, USDA/State/EPA, "1978 Biological Survey for Ditlubenzuron Use on Sou konpa, » unpublished. 

acreage on which velvetbean caterpillar is the only insect requiring control. 

acreage on which other insects require . -ntrol concurrently wi th velvetbean Rateeniiiacs 
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APPENDIX IV-B 

WEIGHTED AVERAGE INCREASE IN SOYBEAN 

YIELD PER ACRE WITH DIFLUBENZURON COMPARED 

TO CURRENTLY USED {NSECTICIDES FOR CONTROL OF 

VEVETBEAN CATERPILLAR, BY LEVEL OF INFESTATION 
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Appendix IV-B, Table l 

Weighted Average Increase in Soybean Yield per Acre 

with Diflubenzuron Compared to Curvently Used Insecticides Lor 

Control of Velvetbean Caterpillar, by Level of Infestation 

a 
ae 

Level of Infestation 
OI es a dS 

Weate 
Moderate 2 High 

“Area Treated - Increase in Area Treated Increase in 

yield VL Clin 

nr nee 
crest bu facren 

VOooOMacres— bueyacre. 1,000 acres—  bu./acre— 

South Carolina ec Lee Bya8) 17 Se 

Georgia 165, has 2 ro eat fi 

Florida 158 24 87 he? 

Alabama and 416 20 169 4 

Mississippi 

Louisiana 82 0 42 Bees 

Texas 69 0 34 ae: 

Arkansas and 0 -- 0 -- 

Oklahoma 

Weighted average oie 41 441 1.44 

a/ Appendix VA 

mee Table IV-7. 
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APPENDIX IV-C 

SUPPLEMENTARY DATA FROM THE 

"1978 BIOLOGICAL SURVEY FOR 

DIFLUBENZURON USE ON SOYBEANS" 
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APPENDIX IV-C, Table 1 

Probability of Insect Infestation of Soybeans, by Insect and rere! 

5 nsect & 
State » Limited - Nermal Extensive None 

---—--— -——_—-----+--~ percent ~------~-~--~--~~~~~~~_ 

Velvetbean Caterpillar ‘ : 

South Carolina a 20 60 20 = Georgia ' 10 70 20 -- 
Tlorida -- -- 100 -- Alabar *-Mississippi F 60 30 10 . -- Louisiana 10 80 10 —— 
Texas 10 70 Dis -- Arkansas-Oklahoma 100m : -- -- S 

Mexican Bec a Beetle 

Maryland-Virginia—Delaware 30 60 10 == 
North Carolina 70 25 ; 5 -- 
South Carolina 20 50 30 -- 
Georgia 90 9 uv -- 
Illinois-Indiana-Kentucky-Tennessee 100 _— ae -— 

Green Clovervorm 

Illinois 50 — 20 30 
Ohio 90 — 10 -- 
Towa-Indiana-Missouri . i 50 — 20 30 
Kentucky 100 —_— -— -- 
Arkansas-Oklahoma 100 
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. APPENDIX IV-C,- Table A 

Proportion of Acreage Infested with Concurrent Insect 

Infestations, by Insect, State, and Extent of lufestation— 

_ J yen SO Se ences tenes pide 

Acreage with oat dake Prebability ,of Acreage with Con- Probability Acreaze with Concur- Probasility 

rent Infestatiou— Occurrence—- current Infestation of Occurrence rent Infestation of Occurrence 

ees : Sa ee 

ar 
x 

10 60 50 75 75 90 

70 50 70 50 90 50 

== eee -- -- 30 83 

sippi 30 50 50 50 60 60 

; 2 50 75 60 75 60 &9 

50 75 : 60 75 60 €0 

oma 5: 10 -- -- = == 

nia-Delaware 31 9 35 36 100 ny 

_— -— 2 50 5 75 

10 10 50 50 Ps 75 

lana-Kentucky— -- -- -- -- --- -- 

2 10 2 10 2. 10 

a-Missourd 5 5 2 . -- --  & -- 

Jahoma 10 20 -- = est sides 

: 

, "1978 Biological Survey of Niflubenzuron Use on Soybeans," unpublished. 

ated to control] other insect pests concurrently with the tarpfet insect. 

ity of a year occurring with a concurrent infestation problem for cach extent-of-infestation category. 
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APPENDIX IV-C, Table 3 

Distribution of Acreage Infested with Mele tbesn Caterpillar 
by Level of Infestation— 

Distribution of Acreaze Infested a ELD LON 
Linited Normal Extensive 

Low ~sNoderate ‘High Low Moderate High Low Moderate High 

Wt rn nn = percent —-——--—-—--—~-~-~~__-______ 

jouth Carolina 90 10 -< : 80° 10 10 75 US 10 

corgia 100 -- _ 70 20 10 50 30 20 

ica — -- ~~ -- -- -- 15 55 30 

Alabama-Mississippi 70 20 10 40 40 20 10 70 20 

uisiana 90 10 _ 80 15 Ls 50 30 20 

90 10 oo 80 e4l5 5 50 30 20 

ees -Oklahona “ee SMOG) SS = —— == ae rae = a 

i DA/State/EPA, "1978 Biological Survey of Diflubenzuron Use on Soybeans," unpublished. 
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APPENDIX V-A 

Economic Appendix 

for Tussock Moth 
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ECONOMIC APPENDIX 

The U.S. Forest Service analyzed the biological and economic im- 

pact of the uncontrolled tussock moth outbreak of 1972-73. This 

analysis was done in conjunction with the request that DDT be made 

available for use in 1974. This diflubenzuon (DFB) analysis draws 
¢ 

heavily upon that information. 

Impact of Timber Loss 

The impact of the Douglas-fir tussock moth on the timber re- 

source has been evaluated by examining the impact of a hypothetical 

outbreak. This section discusses the fechod saced in the analysis. 

All acres are commercial forest land. 

The analysis used many of the same methods, assumptiors and 

factors used in the USFS study and considered four eet categories. 

1. Mortality Loss- Mature Timber 

2. Mortality Loss- Immature Timber 

3. Growth Loss- Mature Timber 

4. Growth Loss- Immature Timber 

For purposes of this analysis, mature timber is defined as 

merchantable timber larger than 10 inches DBH (diameter breast 

height). 

The calculations for each impact category involve essentially 

the same three steps: (1) the area involved, (2) the volume -lost, 

and (3) the present value of the loss. 

These loss estimates can be considered conservative. There 

is a possibility that a bark beetle outbreak may develop in trees 

s 

weakened by the Douglas-fir tussock moth. This has not been taken 

157 
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into account because no historical data exists to support a de- 

finitive calculation. Wickman (1958) reported that bark beetles 

kelled 75 percent of the total trees that eventually were lost in 

a 1956 tussock moth outbreak in California. 

The damage class definitions used in this appraisal are as 

follows: 

Damage Class 

Dead Areas on which most of the host type is dead as a 

result of prior years' defoliation. 

I Fifty percent or more of the host type has been 

completely defoliated. 

II Fifty percent or more of the host type has at 

least the top quarter of the crown completely 

defoliated. | 

gi 6 Host type has defoliation visible from survey air- 

craft. The current year's foliage has been re- 

moved on most trees but less than a quarter of the 

crown has been completely defoliated. 

Various meeutions were made concerning the timber susceptable 

to infestation by the Douglas-fir tussock moth. These assumptions 

éoncerned the volume/age, age classes, rotation length, growth rate/ 

acre, sale value, salvage assumptions, and regulation period. All 

assumptions and their sources are listed in Table 1. Because of 

varying biological and management conditions under which Douglas fir 

is grown ,a range of values was given for a number of the assumptions: 
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growth rate, rotation length, regulation period, wotume per acre. 

Estimated Timber Loss 

Sirlonepauaatys of the hypothetical outbreak is an estimation of 

the volume and value impact to timber in the outbreak area as a re- 

sult of defoliation by tussock moth larvae. The analysis of hypothet- 

ical damage is based on the areas of observed defoliation detected 

during an aerial survey conducted in the fall of 1973. 

From the 1973 outbreak, acreage statistics by defoliation severity 

classes is known. The assumption of the study team was that 500,000 

acres of the inland Douglas fir range would _ affected during the nine 

year period. Of the 500,000 acres affected, vetween 390,000 and 400,00 

acres would be treated. For the analysis it was assumed that 350,00 

- acres would be sprayed. It was also assumed that such spraying would 

take place on the most severly affected acreages and that the portion 

of the 500,00 acres which was not sprayed would suffer class III 

defoliation. On Table 2 the breakdown of the 350,000 sprayed acres 

is shown. 

Mortality and growth are affected by the severity of defoliation. 

Mature and immature trees are affected differently. During the fall 

of 1973 aerial survey, it was estimated that 75 percent of the mature 

trees es Class I areas and 10 percent of the mature trees in Class II 

areas were dead. The Class III areas contained so few dead trees that 

no attempt has been made to account for the limited mortality in 

that damage class. 
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Calculation of Mortality Loss On Mature Timber 

From Table 2 (expected sprayed area) and Table 3 (loss by severity 

class) Table 4 (a) was formed. This table gives the sprayed acrceages 

for each severity class which would be expected to experience mortality 

if spraying did not take place. Table 4 (a) will also be referred 

to when calculating the growth loss on live acres. 

The total acres of mortality (51,714) was multiplied by the 

average expected volume/acre and then by the expected stumpage value. 

This was done to arrive at the value of the mortality. Two expected 

volume/acre estimates were used (M 1 and M 2). These two estimates 

were expected by the study team to cover the range of values which 

would be encountered. | 

Of the mortality a portion would be salvageable. The salvaged 

timber would then be logged and sold even though dead and must be 

subtracted from the value of the mortality to arrive at the net loss. 

The figure for percent salvageable is a combination of _the-reduced 

value of salvageable timber and the portion of timber which it would 

be possible to remove and comes from combination of the area conditons 

observed in the USFS study. aly The percent salvageable timber is based 

on prior salvage experience, the need and feasibility of building 

roads to the affected stands, and other social and economic.barriers 

to the recovery of the timber. 

ay, The percent of value salvageable (Table 4b) is a combination of 
assumption e and assumption m (Table 1). Salvage value is 
aeeeoeenormalesalerprice times 4 of timber salvageéable. 
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’ 

The mortality losses: in mature timber were not discounted due to 

the near-term nature of the losses. The net figure at the end of 

Table 4 (b) is the net loss expected as a result of the infestation 

on acres of mature timber as a result of tree mortality. 

Growth Loss Mature Timber 

In addition to mortality the mature timber stands would also 

experience a growth loss. In Table 4 (a) the number of live acres 

was calculated as the remainder of the mature infested acres to be 

sprayed which did not experience mortality. The number of acres 

dye ota lets 6225), 500.02/ 

Research by Wickman (1963) has shown that a tussock moth infestation 

in eiite fir stands in California caused a reduction in annual growth 

on the surviving trees by a factor of .74 on Class I areas, o67--on 

Class II areas, and .31 on Class III areas. According 2 Wickman 

the trees require 3-5 years to return to their Pree eerer ion annual 

growth rate. It has been assumed that the growth during the infesta- 

tion plus the recovery time would be well represented by considering 

the growth reduction factor to be operable for three years. Although 

this work was done in California, it is the best information avail- 

able for calculating growth loss due to tussock moth outbreak. 

The acreage in each deoliation severity class was then multiplied 

‘by the percent growth loss stated in the above paragraph and also 

2] These acres are not geographical acres they are a convience for 

calculation. They represent the total area, portions of which 

may be found scattered throughout the infected stands. 

a 
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by the average annual growth rate and the number of years affected 

to arrive at the growth loss. Two estimates of average annual growth 

rate were used (M 1M 2). These growth rates were expected by the 

study team to cover the conditions encountered on both managed and 

unmanaged stands. The conservative figure of three years of growth 

loss was used. 

Thetwo estimates of growth loss were then multiplied by the 

stumpage value to arrive at the stumpage value of the growth loss. 

The actual value of the growth loss (present new worth, PNW) 

is dependent upon the regulation period (the number of years which will 

lapse before the stand is returned to for cuttings). If a stand 

is to be cut in the near future the PNW of the growth loss is higher 

than for a mature stand which would be cut at a later date. ye 

discount factor is thus necessary to account for the regulation period. 

For a regulation period of n years and an interest rate of i the 

discount factor is determined from the following formula. 

discount factor = I x (Aloe et] 
n rte Glos ee 

In the calculation an interest rate of ten percent was used 

and two estimates of cutting cycles (10 years, 40 years) were used.’ 

The estimates of the cutting cycles are expected to cover the range 

of management practices to be encountered on both government and 

private lands. : 

The two estimates of stumpage value of growth loss were then 

multiplied by the two discount factors formed by the two estimates 

4 

3/°> This refers to mature timber which is being held until the cutting 

F cycle reached the land area on which it is grown, 
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of the regulation period (Table 4c). Four numbers PeenTCr nis 

two of these numbers, the high and the low estimates will be seen 

quoted in later tables. The middle estimates are retained in the 

table should the reader care to estimate a more concise final estimate 

from their own combination of the assumptions. 

Immature Timber 

In addition to the loss on mature timber a loss of both mortality 

and growth will be experienced by the infested immature portions of 

the timber stands. The acres of immature stands were calculated on 

Table 2 for each defoliation severity class. Pere Halalewas cal 

culated in a manner similar to Table 4 (a) except it is for immature 

rather than mature timber. The acreage (from Table 2) and the 

mortality (Table 3) both change for immature stands. As‘with mature 

timber, the live acres ae the acres remaining after the infested 

acreages in each severity class have been multiplied by the mortality 

to arrive at the dead acres. 

For immature stands the present net worth of any loss is dependent 

upon the rotation period (the length of time a tree is allowed to 

grow before being cut). The sale value of the mortality or growth 

loss must be discounted from the time the timber sale would actually 

take place back to its present worth. 

The present net worth (PNW) of the loss resulting from the 

mortality of immature stands was assumed to be well represented by 

subtracting the PNW of a stand at rotation age from the PNW of the 

same stand at rotation age less 30 years. The value of a $1 payment 

discounted for n years is calculated as follows: 

Bas eae 
a aoe ais bp at 
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AMeeke multiplier is used to find the present value (Vg) of a 

future payment or value in n years (V,), which may be a cost or an 

income, discounted annually for n years at the interest rate i. To 

find the present value, multiply the future value by the multiplier 

for the desired rate i and years n: 

1 
Nopea Bin (ina) 0 

The multiplier was calculated for the rotation age (K) and for 

K-30 years. 

] 
Nee 

(K-30) 
Cline) 

Where: 

N= Discount factor C, the present value of $1 received 

at rotation age less 30 years 

K = rotation age 

dew ee interest race. 4a discount rate,of 10 percent was 

used as outlined in OMB Circular No. A-94 dated 

Marche seme) ie 

As with many of the other estimates encountered, a range of 

rotation ages was used. The range of estimates was 60 years and 120 

years. It would be very difficult to find an estimate of rotation 

age for Douglas fir (or for true fir) which did not fall within this 

range. 

The N discount factor at 10 percent for a 60 year rotation is 

BOOS 74 COL aul20 year rotation it is 00019. 

Immature Timber Mortality Loss 

The summation of econ: dead acres (from Table 5 (a) was 

multiplied by the same range of two estimates of volume/acre that 
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———— ee 

were used for mature timber and then by the stumpage value to arrive 

at the value of the stumpage lost (Table 5 (b)). The stumpage value 

estimate in this case might be considered conservative for it assumes 

that in the future the constant dollarvalue of timber will be the 

Same as today. Unlike mature timber, immature dead stands are not 

eeeriered to be salvageable. The value of the lost stumpage at 

the time it would have been cut was determined to be from $10.7 to 

$14.3 million. Immature timber is assumed to be 30 years old. 

This value must then be discounted back to the present day to 

erie ale itsepresent net worth. As was shown in the previous section, 

the discounting depends upon the length of rotation. Both estimated 

rotations (60 years, 120 years) were used to arrive at the final 

high and low estimates. 

Immature Timber Growth Loss 

The live acres for each defoliation severity class (table 5) 

were multiplied by the growth reduction factor for that damage class 

to arrive at the growth reduction. The growth reduction factors are 

the same Wickman factor from the 1974 Tussock Moth Study which were 

used for mature timber. This growth reduction was then multiplied 

by the number of yéars the growth reduction was expected to take 

place (Table 5 (c)). Three to five years are estimated, three was 

chosen as in the 1974 USFS study. The total growth reduction was then 

multiplied by the growth rate to determine ravine of loss. Two 

estimates of the annual growth rate were used (.13 MBF/year and .20 

MBF/year) and were expected to cover the range of conditions which 

might be meets thls volume of growth loss was then multiplied 

by its stumpage value to arrive at the harvest value of the loss. As 
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stated in the previous immature mortality section, is a conservative 

estimate. As was explained in the previous section covering immature 

timber it is necessary to discount these high and low estimates to the 

present day. Similarly to the immature mortality section, two 

estimates of the rotation period were used to arrive at the discount 

rates. 

Calculation of Average Estimated Timber Loss/Acre 

From Table 4 (a) and Table 5 (a) the percentages of dead and live 

acres in each defoliation class were entered on Table ll(a) (example: 

on Table 4 (a); 10,768 is 20.82 % of 51,714). 

From Tables 4 (a) and 4 (c),and 5 (b) and 5 (c) the net loss in 

total on each age acre grouping and loss a ee is known. This 

number was multiplied by the percentages of Table 11 ere arrive 

at the dollar loss for mera defoliation class (example: on Table 4(b) 

the low estimate for net loss is $14,201,900. This number multiplied 

by 20.82% is $2,956.8} Table 11 (c) is the last portion of Table 2, 

repeated for convenience. 

Tabreselim(a) ml) sano.) (d)) (2) are calculated in a similar 

manner; Table 11 (d) (1) for mature acres 11 (d) (2) for immature 

acres. The numbers are arrived at by dividing the Table 11(b) numbers 

by the Table 11(c) numbers in the respective categories. (Example ; 

2,913,100 divided by 10,768 is 270.59), 

In Table etn total per-acre value for mortality and growth 

Wacmestigated se iiisciwas done by taking the data in Table 11(d) (1) 

and 11(d) (2) times the percentage mature and immature in Table 1iCe). 

For example, for mature timber, GlassceL weLow estimate: 203573 
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(Table 11(d) (1) )times 78.6 percent = $160.13. 

The numbers for mature and immature stands are totaled on Table 

ll(e) for each category. These numbers are reduced by 10% to account 

for operational. effectiveness. Table 11(f) is an average of the high 

and low catergories found on Table 1ll(e). 
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pabDLeel — | Assumptions - tussock moth 

—_—_— eee
 

Low estimate High estimate 
—_— 

a. Annual growth rate/acre a/ : -13 mbf .20 mbf 

b. Rotation length a/ | z 60 yrs. 120 yrs. 

c. Regulation period a/ : | 40 yrs. 10 yrs 

- d. Average volume/acre Ai 9.01 mbf 12 mob 

e. Racarastation cost a/ | ) $120/acre | $300/acre 

f. Natural regeneration af 50% 

Be Erimber sale price b/ : $60/mbf 

h.: Acreage infested c/ | . | 500, 000 

4. Acreage sprayed c/ 350,000 

j. Interest rate a/ | | 10% 

k. Years of growth affected e/ | 3 

MMe isiend naturemsaj 78.6 

m. % of stand immature d/ 21.4 

n. Salvage value f/ 7 $44 .80 

o. Percent timber ogileeeelne e/, 66.9 

p. Immature timber age e/ BO ayrs 

q: Operational effectiveness of 
control, e.g. incomplete 

spraying, natural mortality 90% 

eens eee ee ee 

a/ Estimate of study team and USFS timber management staff 

b/ Estimate of past USFS sales 
c/ Estimate by study team 
d/ Timber statistics 
e/ USFS-DDT Request 74 
£/ USFS-DDT Request 74 adjusted to Pera price 
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JTable 2-- Tussock moth-expected outbreak acreage by severity class and stand age 

‘Defoliation * : Expected nine year outbreak 

severity : Outbreak area ° Inf Vy © 
a : 1973 . Infested , prayed BLE 

: ere- Total : Mature - Immature 

' (class) (acres) (%) (acres) (acres) 

Dead 17,270 2.74 13,700 13,700 10,768 2,932 
Class I 52,620 8.36 41,800 41,800 32,854 8,946 

Class II 261,190 41.49 207,450 207,450 163,056 44,394 

liGlass III 298,420 47.41 23770502 8/5050 68,422 18,628 

tie cotal 629,500 100.00 500,000 350,000 275,100 74,900 

Table 3— Tussock moth - mortality and growth loss by severity class 

aera
 a esas simnsensetnnansnanmnmmcnmasscmeecocs=e=r=ainsiiiinnnNn nnn naan ina aanaas 

Defoliation | Mortality loss Growth loss to 
severity : : surviving timber - 

ee Mature > Immature ‘* Mature > Immature 
ee et aE es Sa a 

(class) (percent) (percent) 

Dead acres 100 100 0 0 

Class I I he. 90 74 74 

Class II 10 20 67 67 

Class III 0 0 31 31 

i a 

Table 4 -- Mature acres expected to be damaged by tussock moth 

a. Acreage dead and live by severity class 

Defoliation Acres . Mortality Dead Live 
severity * sprayed : loss . acres ; acres 
class ; : : 3 : 

(class) (acres) - (percent) (acres) (acres) 

Dead acres 10,768 100 10,768 0 

Class I 32,854 75 24,640 8,214 

Class Ii 163,056 10 16,306 146,750 

Class III _ 68,422 0 0 68,422 

Total ts 270,100 io Suis 223,386 

Tee ee eee 
eel 
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Table 5(a) Immature acres expected to be damaged by Tussock Moth 

Acreage Orecena una)! ivewncrcs oY Severity class 

Severity < Acres M@miMortalityc ns Dead 4 Live 
class : attack ; loss | ; acres 

(class) (acres) (percent) (acres) (acres) 

Dead acres AGS eis 100 29 Sa 0 

Class I 8,946 90 BeOS 1 895 
elass II 44,394 20 8,879 Shi gey ls 
elass T11 18,628 0 — 18,628 

Total 74,900 19,862 55,038 

| Tae 5 (b) 

| Mortality loss 

| e Average * Stumpage * Value of - * Value of Discount for ent 

are _?volume/acre value stumpage mortality minus 30 years | 

(acres) (M.B.F.) CS/Mo Se Fo) (dollars) (dollars) 90 yrs. JO yrs.) 

| (.00019) (200575 aaa 

4 19,682 S201 60 1037-397 RON a7 2,040 61525 : 

in 19,682 ZU 60 14,300,640 14,300,640 Pan PARE S943 ! 

pa ne pil ll een tetas 
Le NN 

Pit 
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Table 5 (c) 

Growth loss - immature timber 

Area ; Growth reduction ‘° Years affected 
es ees ee 

(acres) (percent) (acres) (years) (growth area) 

Class I 895 74 = 662 

fiass LI 35S SH opr Ae ay dae be, 
miass Lil 1o.026 31 = 70 

55,038 305233 3 = 90,699 

sss anarnarrneereenennraeennnen REE EEEEERREEEREEE 

3 uh f th 
Annual growth rate tig 2a be tonaaieae Jaa 

loss 
a ee ee 

(MBF/yr) (MBF) 

90,699 x M, .13 = Hah JAEE 

90,699 x Mp .20 = Toroe 

eee eee eee ee 

etn ls a eae ee 

Volume of growth ; Stumpage ah Harvest value 

loss . value 
7 

(MBF) ; (dollars) (dollars) 

My Ve be PASBE 60 707,460 

Mo 18,140 60 1,088,400 

pe eee ee 

ee 

Harvest value Rotation period 1/ 
ee ee 

(dollars) ; 60 years 120 years 

(.00573) (.00019) 

My 707 ,460 S62 37m $207 
Mz 1,088,400 . $4,054 $134 

a 

Lil2 





Table 6 (a) Summation -of total timber damages Y 

Age damage * Low: estimate * High estimate class : : fe ge 

(dollars) 

Mature acres 
Mortality 13,991,712 18,634,912 Growth 718,669 2113-329 

Immature acres | | 
Mortality 2,040 81,943 Growth 134 POt237 

Total 1 TAG Aes iota 720 bees OR a Ara | 
a 

Table 6 (b) Summation of total damaged reduced 
by 10% to account for operational efficency 

Se ce aar OMT owlest imate . High estimate class . . a 

(dollars) 

Mature acres 
Mortality 12 9 27 540 16,771,420 
Growth 646,802 2,500,496 

Immature acres 
Mortality _ ue O36 i235 159 
Growth 12) Di 

13,241,299 — 19,351,278 

Table 7. Estimated timber loss prevented on USFS 
and State-private lands 

Ownership : Midpoint estimate 

Pista 16,296, 238 
USFA (65%) POR Oo 2 eo57 
State-private (35%) Sys 7h PLONE 
ia. 
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Table 8 | 

- Estimated losses and induced costs of an uncontrolled 
attack on 350,000 acres of Douglas fir forest 

Losses and | _ Low High ; Midpoint 
“costs 

(Million dollars) 

Timber Bhar se 21.50 18.10 

eri cuenta? 511799 16.90 14.45 

#85 6) anting 3.33 8.32 5.82 

rote tioeeete™ 30°02” 46.72 38.37 

a/ The assumption was made that no economic losses 
could be quantified for the remaining 150,000 acres, 
lightly infested. Developed from data in the- Economic 

Appendix for tussock moth. 

tan? es 
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Table 9-- Estimated losses and induced costs prevented 

by control of a tussock moth infestation on 350,000 acres a/ 

thor - 

Losses and costs: ‘* Low > High > Midpoint 

(million dollarf> ; . 
; e, ey tie 

Timber b/ Pec On) eee LO 30: 

Fire: 

DFB c/ 6.00 - Boe 7.25 
Carbany laed/n 9.60 Teo -ee SRL ae lein 

Planting 3.00 7.49 nT 5.04 
pate A al lo CR EE SE 

Total Losses 
Prevented Using: | 

DFB | OOmO Loe 35.34 25279 

Carbaryl , 25.84 ~—~40.35 ooh) 

DFB 

Control Cost: 2.84 he 62 27K 
Net Benefit: 19.40 a0 ere 25.06 

Carbaryl 

Control Cost: 2.77 oe oe ag 7, 
Net Benefit: Zoeun 37.58 Sogo. 

Difference in Net : 

Benefit, Carbaryl OE soe She 

“vs DFB- 3.67 656 wee i 5 20 

ce ent re a lar 

a/ From data in the Economic Appendix for tussock moth. 

_ b/ Assumes 90% effectiveness in reducing losses. 

c/ Assumed to reduce ffrescosts py 50 percent. } 

‘d/ Assumed to reduce fire costs by 80 percent. . 

LS 
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Table 10 -- Acres of Douglas and fir-s or -spruce types in the North das 
Rocky Mts. (thousand acres) Besse 

Peer MMP MMRmOINM Nth Uae cos} gee secrtl OF DOWN types. 
age * douglas fir *  fir-spruce (aeofetotals 

National forest . 
sawtimber angels 5,743 

poletimber 91] 854 

seedlings 636 751 

total - 6,880 7,349 14,229 (65.6) 

Other Public ; 
sSawtimber 1,306 133 

poletimber 240. 39 

seedlings 94 OF 

Me total. 1,641 840 2,481 (11.4) 
total public Oeil 8,189 ee LG ei bu C7740) 

Forest industrys 7 

sawtimber 49] more 

__ pole timber 55 a3 
seedlings 32 | 54 

total 579 | 390 

* Farm and misc. ; 
sawtimber eg We Bea 
pole timber a . 13 
seedlings 154 54 

total 23/05 390 
total private 

Grand total 
sawtimber 9,243 7,799 17,042 (78.6) 
pole timber T8725 WeUece eg hey Gl2e/) 

seedlines 916 | 978 1,894 (G87) 

total 11,884 9,800 21,684 

: 
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Table 11 (a) Claculation of the per acre losses-Douglas fir Tussock 
moth diflubenzuron control 

: Percent of acres by damage class in each total oa 

Mature : Immature 

Mortality Growth Mortality Growth : 

; (percent) 

Dead 20.82 | 14.77 , 
Class I 47.65 500 ae 40.53 i. 63 
Class II Shi ales) =65'.69 44.70 64.53 
Class III 30.63 33.84 

Total 100.00 100.00 100.00 100.00 

fable 11 (b) Loss value of acres by damage class in each total 

Mature ; Immature 

: Mortality ; Growth weriorcality : Growth 

High ° Low seu igh > Low > High : Low > High : Low 
a 

(St, O00sdcGl lars) 

PSLRA I Rae Tis poe! PLoe 81.9 2.0 6.24 au 
PASS DES AD 12.1 ASME 

6,667.0 LOZe 2 26.4 Siserat 2OL ae 002 

ame. OL.) 6b A721 36.6 89 4.03 .084 

851 2PAV Ps 

Table 11 (c) 

nnn UU EEEnEEnE EERE EERE ERRSREERRERE REESE 

> Acres in each damage class 

Mature -. Immature 

| _ (acres) 

Dead 10,768 eye 

Class I _ eters ws 8,946 

Class Il a3 000) 44,394 

Glass ail. 68,422 — 18,628. 

rr ee 

7a 
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Table 11 (d)(1) Expected timber loss/acre by damage class by mortality level 
(mature acres) 

Mature acres 

‘ Mortality : ’ Growth : Total 

2 High : Low : High : Low eI oy 2 Low 

(dollars) 

Dead 360.31 eins 3600731 27 0e53 

Class I 210eLs 202.93 Shake 0.80 i REY 203504 

Class II BOOS 27.06 ibs ied BS Zs90 ATE A Pa 29.96 

Class III ~ 12.44 oeee 12.44 See 

near TnyTnnEnyIn EEE IRIS EEE REE 

Table 11 (d) (2) Expected timber loss/acre by damage class by maturity level 
(immature acres) 

a ne Ea EEIISIS ES IID UISINSE ISSR 

Immature acres 

Mortality : Growth : : . Total 
eee 

High a LOW be ti oh aa LOW i High .,. Low 
; : : : 

Dead Or eL4 : iaaly 714 

miass IL Sie. ale -O1 Sie OL Boe Ree 

Class II oz OS -09 ae OL ool AUG 

Class III ~3 ie <a. UL oof ai [Oe 

ee 

| eel 78 
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tle 11 (e) Expected.loss reduced to growth mixture of average ace 

> Value divided by % of acreage in total : ‘Values of table II E(1) reduced by 
| : ‘ : 10% 

: Mature (78.6%) Splmmaturert(2ou22). .s Mature : Immature 
\ 

; er sO OWE icn@ mcm ow) “ High * Low * High * Low 
se 

‘ead 283.20 212.64 96 .03 254.88 191.38 . 86 .03 
‘lass I 214.87 160.13 74 03 193.38 LEE912, 067 .03 
‘lass II cruel 23.55 21 .O1 33.40 21.20 .19 01 
lass III 9.80 Fale .03 FOr 8.82 Lye) ANE! 01 

Table 11 (f£) Average estimated timber loss/acre 

> Mature : Immature : Total 

| (dollars) 

| 
| Dead DIST fi 223.58 
| Class I TOS es 169.09 

Classe 21230 SLO 2d 44 

Class iil) sa slap) hth Spats 

ig 
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APPENDIX VI-A 

An assessment of the Need and Requirements 

for Mosquito Larvicides 

Ge Sehaefer ,.CA 

D. Steelman, LA 

D. Weidhass, USDA 
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' NEED AND REQUIREMENT FOR MOSQUITO LARVICIDES 

Of arthropods and insects that attack and affect people, 

mosquitoes represent the most serious problem and threat to 

human health, comfort, safety, productivity and enjoyment of 

outdoor recreation (Anom. 1976). In addition they cause losses 

dneproduction in the livestock alg faba ena 

World-wide, mosquitoes transmit a variety of human and 

animal diseases, Ene most abana of which are malaria, yellow 

fever, various strains of SOT and dengue-haemorraghic fever, 

and a large variety of types of encephalitis. A great deal of 

progress has been made in the control of mosquito-borne diseases 

pote ice through improved living conditions and estaucarcs, 

health services and organized mosquito concrol programs. How- 

ever, much remains to be done. World-wide malaria ie ane most 

important vector-borme disease and it‘is estimated (WHO 1975) 

that 500 million people exist in areas with no measures of 

protection against disease. In Africa, it is estimated that 

over 95 million cases of malaria occur each year Spo Leeadae bie k- 

fant mortality. In the Americas deaths due to malaria were 

still about 2,000 in 1967-69. Estimates of costs of malaria 

control range from less than $l/person/year to higher figures. 

KISSES of problems of resistance to insecticides, apathy 

occurring when programs are highly successful, and Mgyetepeiiablans Seine 

developing countries to pay increasing costs OMmCOULTOL, Ce sur — 

gence a Mma la Ciudghas~s Dect phenomenal. Onis OU cascs.OL 

malaria were reported in Pakistan in TO GCcm bite Sy eter 

were 10,000,000 reported cases (Anon. TO75 aeeoimitan problems 

oaks 
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of resurgence have been reported in Sri-Lanka and Tce 

In the continental U. S., the problem of malaria and 

yellow fever transmission hee been eliminated through improved 

Living standards, organized mosquito control programs and health 

services. However, the many species of mosquitoes that vector 

these diseases are still present and there is a CONC nUe toned tL 

of reintroduction. Mosquito-bome encephalitis exists through- 

out the U. S. in a variety of types and strains. When conditions 

favor high densities of mosquitoes, epidemics can and do occur. 

In 1975 some 2,200 cases of mosquito-borne encephalitis were 

confirmed with 30 known deaths. In 1971 (Spears, J. F., 1971-2; 

Reeves, 1972) the United States conducted the largest spray 

operation against mosquitoes to stop VEE epidemic. Cost of the 

program including spraying and immunization Was about, 20pmillion 

dollars. 

Although mosquito-bome diseases BremstileaspotenciaL 

eee dig) fee 14 Om A aN aealevas reason for mosquito control is 

the vicious biting habits of high numbers of mosquitoes that 

annoy people, reduce productivity and prevent enjoyment of recre- 

ational activity and-resources. Mosquitoes breed in all types 

of natural.and man-made water sources from the icy waters from 

snow-melt in the north to hot, temporary water accumulations in 

the south as well as from water pure enough to drink to the foul, 

polluted water of sewage systems. Although the occurrence and 

abundance of mosquitoes varies greatly with focahiLvarcncecime, 

they can be considered distributed throughout the country. 

Moerce: are also a serious problem in the production of 

iran (Sreeimanvet al. e19/2, 1975, 1976 and 1977). Economic 

damage thresholds from mosquito attack On cattle produced under 

182 
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Louisiana conditions (representing recommended presdecyoes and 

conditions above the normal stress factors of heat and vegetative 

nutrition levels) were exceeded from April through September and 

resulted in a reduction of $6.50/head (6-year Rreere fomeall 

breeds). These data reflect only direct losses in production 

by blood-feeding attack. Rarely large mosquito broodsecatere— 

sult in death of animals or the expense of moving animals. In- 

direct losses can occur from transmission of diseases such as 

-anaplasmosis, VEE, EEE, WEE and Equine Infectious Anemia. 

Thus, there is little doubt about the’need for mosquito 

control throughout the United States and the world. It is 

impossible to calculate the benefits of mosquito control since 

we are dealing with values of life, health, comfort and enjoy- 

ment of the environment. What medical costs would have been 

required for the unknown number of cases of diseases that could 

have occurred without mosquito and disease control? What is 

the value of a human life or the enjoyment of recreational AE 

What ee the value of communities, industries and tourism develop- 

ed in areas where mosquitoes previously prevented development? 

What value can be placed on the existence of the Panama Canal 

since it couldn't be completed until the problem of mosquito- 

transmitted yellow eee was conquered? 

This group recognized the impossibility of determining the 

total benefits occurring from mosquito control and apportion- 

ing uncalculable benefits to specific cOMmLrolerecinologies OF 

control chemicals. Therefore they agreed that the need for and 

justification of mosquito CONcr OL ane accepted and they would 

attempt to analyze the need for additional chemical control agents 

Pes 
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in light of existing control practices and techniques. 

A recent survey published in summary by the (A)merican 

(M)osquito (C)ontrol (A)ssociation (1977) listed 533 agencies 

in the United States and Canada with operational mosquito con- 

trol programs. Although this group recognized that substantial 

sums of money are spent by individuals for repellents or insec- 

ticides for protection around homes and recreational areas, these 

types of uses or purchases are not included and information is 

restricted to operations conducted by public agencies. The AMCA 

‘summary reports mosquito control expenditures of $69,059,403 

and the treatment of 4,713, 845 acres with mosquito larvicides 

and 30,488,988 acres with adulticides. These figures should be 

considered as only rough estimates since we cannot be sure of 

a 100% response to the survey or that estimates of acres treated 

are precisely accurate, €-§&-, larvicides are sometimes applied 

to ditches, pot holes, or other irregular areas, and it is dif- 

ficult to convert to acres treated. These estimates should be 

considered as minimums with the possibility of actual values 

being much higher. 

Description of Current Control Practices 

Mosquito control as practiced by organized mosquito control 

districts and other public agencies has to a large degree attempt~ 

ed to combine available control techniques. Of particular 

importance has been source reduction (sometimes referred to as 

permanent control) and the use of insecticides (sometimes rerer- 

red to as temporary control). Source reduction involves the 

elimination or management and manipulation, where possible, of 

the water in which mosquito eggs occur and larvae and pupae 

- 184 
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‘develop. Considering the variety of sources of eee in which | 

“mosquitoes breed, source reduction is not as simple as it appears 

and. not the only method required for mosquito control. A wide 

variety of insecticides have been developed and used over the 

years as residual treatments or aerosols or space sprays against 

adults and as larvicides applied to breeding water of mosquitoes. 

These two methods account for the majority of mosquito GorEroy 

activities; however, the use of mosquito-eating fish ana. thie 

control or removal of vegetation in certain types of water sources 

has been useful. 

Mosquito larvicides are one extremely useful tool in mosquito 

control operations. Since larvicides may meevequiredstin jalivoz 

all sources of water, a variety of compounds has been developed 

FOUueUsesinedifferent siiernene. Because of resistance and 

environmental concerns the number of effective available larvicides 

has been reduced. 

We have attempted to estimate actual usage patterns ee 

lanvecades int ae contiguous 48 states of the U. S. in terms of 

geographical areas and types of water treated. Since actual 

figures of this type are not available, these figures represent 

only judgmental estimates. However, they should be helpful in 

assessing potential needs for mosquito erase! 

Table 1 lists 8 geographical areas of ehemUsuSemand gives 

the best estimate available of the number ofeacres darvicided 

(AMCA’ 1977) in these areas and the probable types of water that 

are involved in larvicide applications. OH tethestotaleo o 4,188,145 

acres reported a0 receiving treatment about half is estimatec to 

‘be involved in treating salt-water and eshalbetreshs 

185 
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It would be advisable to determine the larvicides used a 

each area and type of water. However, these data are not avail- 

ailemmrlap less (lists, oOtathe major insecticides currently in 

use including rates of application and estimated costs with 

similar information for Dimilin; there is equal efficacy for 

each of these except (1) the organophosphorus compounds (Dursban, 

Fenthion, Parathion, Abate) are not effective against resistant. 

populations in Central California and €2)1 Altosid is not 

operationally feasible against Culex species in most habi-ats. 

«a 4: 

- Problems of Insecticide Resistance . °°. 

In California the situation was respect to mosquito larvi- 

cides is unique due to the serious extent of insecticide-_ 

resistance in field populations. In many parts of the San “Joaquin. 

Valley Culex tarsalis, athe vectorrof western equine and Shey Louis 

encephalitis, is resistant to ait commercially- available, peeeno : 

phosphorus larvicides (Schaefer, C. H. (1972). Following Sens 

of wmusually heavy precipitation it is necessary to treat large 

areas in order to prevent the build-up of Culex tarsalis popula- 

tions; at the present time no effective larvicides are available 

that would allow mosquito abatement districts to accomplish this 

task should severe flooding occur. 

Mosquito-bome encephalitis is a recurring problem in 

California; the number of Soest CORE of Western equine 

(WEE) and St. Louis encephalitis (SLE) from 1945 and 1973 is 

shown in Table 3: The greatest epidemic was in 1952; following 

this outbreak there ape Ste human fatalities and of the WEE cases, 

20-25% were in children of less than one year Ofearerandes9 i400 - 

these developed sequelae, of ach 50% developed permanent brain 
6 
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to work for 4 to 6 weeks. Symptoms include severe. “headache, 

damage (Finley, 1967). Most of the children having severe cases 

became permanent wards of the state. The cost of care for such 

persons is considerable (average cost per patient in California 

mental hospitals is $1,800/mo. as a 1/1/78, personal communica- 

tion from Dr. J. T. Shelton, Director Porterville State Hospital, 

Borvervilie: Ca). 

Encephalitis cases in adults (usually sey) zggules £8 a" os 

minimum of 2 weeks hospitalization and such persons, are mable 

high fever, loss of reflexes, ultra-sensitivity to “Light and ath oy oy 

severe cases persons enter into coma. (There is ro eneek fice Slee 

treatment except the use of antibiotics cop Provens initiation — 
. he: Sg nee sy Rate Per ae 

’~ 

of pneumonia (personal aoa Gees froin Bbc ec. Roeves, 
- . ‘ 

School of Public Health, University Be “caligernia, 2erkeley; Ca. e 
: rep 

Another important problem in calisgedia’ ts ithe: irrigated 
< : es Le .e 

pasture mosquito, Aedes nigromaculis; thas, species® is: ‘a: severe 

pest annually. In the San Joaquin Valley, this. wee Be is also 

resistant to all organophosphorus larvicides and mosquito abate- 

ment districts are forced to control the resulting adult popula- 

tions with propoxur (a carbamate). For example, in L9F62 EYE O00 

lb (active ingredient) of propoxur were applied in California 

(1977 Yearbook, California Mosquito and Vector Control Association). 

Since the treatment rate for propoxur is 0.05 1b per acre, a 

total of 220,000 acres was treated for adults because Vary ucad= 

ing was not feasible. 

The organophosphorus-resistant populations @ue efeneigs Cqblieine 

tarsalis'.and Aedes nigromaculis can be controlled with Damian 

Msciseteracte al.) 19/5). There is a cummulative total of ca. 
187 
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400,000 acres erecgere treated in the resistant areas. 

Attempts to induce resistance to Dimilin by treating succes- 

sive generations of organophosphorus-resistant mosquitoes in 

the laboratory have failed thus far; this is true even though 

over 30 successive generations have been pressured with Dimilin 

(unpublished data, Dr. G. P. Georghiou, University OfPcala for la, 

Riverside, Ca.). 

Alterative Control Measures ot! Py a a Bea 

Considerable research is underway to develop biolégical 

control a for control including fish, bacteria, fungi, piczo. 

sporidians, viruses, nematodes and sterilization and “genetic 

methods. Further developmental research ‘is needed, on methods 

of production, storage, packaging and delivery ‘to. Porece areas 

as well as safety testing before these altermative methods can 

be considered as alternative and economical replacements for 

existing control techniques. Although there are several promis= 

ing biological control agents or techniques, none are currently 

available commercially. 

Permanent control by removal or management of sources of 

water has been used for many years in mosquito control. Ie) 

cost effectiveness will vary with the type of water and habe 

Pere adh One economic study in California (Sarham 1976) in- 

dicated that source reduction would be cheaper than the use of 

chemicals in achieving a 1% eedgetion in mosquitoes per ec 

trap night. Source reduction Poorebemeavaluated surther ine terns 

of multiple-use pattems Remevenuatereitself® and the hab2teacs 

‘n which it occurs. LT 188 
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Conclusions 

There is a definite need for several larvicides to be 

available for use in mosquito control operations. The four 

organophosphorus insecticides listed in Table 2 have limited or 

no usefulness in certain areas where resistance isan proplen. 

It can be pecs that problems witneiusectiaide, resistance 

will increase over time. Further restrictions Gnetne suicsesol 

oil in environmentally important areas TWiieerestr Cc reOrTs ne duce 

the use of oils for larval control. New, effective and safe 

larvicides are needed for control operations. As pointed out 

earlier, areas of California already have resistance problems 

which preclude the use of currently-used organophosphorous 

larvicides. Such areas exist in other parts of the-world, 

Darticularly cotton-growing areas where mosquitoes are exposed 

soe 

to continued application of these types Greinsecticices.. pole 

fective mosquito control requires the availability of more than 

one effective and usable larvicide. 

Since there is no feasible method of Calculatiume the bene— 

fits in health, sickness, life or enjoyment of the environment 

of mosquito control in general or one specific Bee a ena Sma. 

Dart of total mosquito control operations, this group estimaced 

the potential need for an additional larvicide for mosquito 

control in terms of probable or potential iseewithin the: nexe 

5 to 10 years. We estimate that problems of resistance CO 

currently, available materials okays with economic considera- 

tions and user acceptance could require a shift to a new chemical 

larvicide approaching 10% of the existing treatments reported, 

189 
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Such a shift could involve 200,000 to 400,000 treated acres or 

5,000 to 10,000 lbs of a chemical applied at a rate of 0.025 

lbs/acre. It is possible that usage outside of the continental 

fees eeand increasing efforts in mosquito control would result 

in doubling or quadrupling these estimates. 

The main projected use of Dimilin appears to be limited 

areas where strains are resistant to organophosphorus compounds. 

dn other areas, lower cost alternatives are available and ie, SUS 

not likely that Dimilin would displace these as long as their 

‘effectiveness remains. 

Registration of Dimilin would not provide for ae in over 

95% of the habitats where mosquitoes breed because of the exist- 

ing Label. This Label excludes application on crops .or in 

areas used for food, feed, hay, pasture fehe Gdepe potable water, 

livestock watering or for crop protection. This seuntited broad~ 

ex Label is approved, there will be very little commercial use. 
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DAFT- 

tub Le L,--Estimate of number of acres aud type of water where Larvieldes 

were used in 8 areas of the U. S. 

oa Probable acreceesor different 

Total types of water larvicided 

acreage Fresh 

- Region larvicided Salt-marsh Permanent Temporary 

aaa 

eAtlantic 462,269 369, 815 23°113 69341 

Mid-Atlantic 1,111,960 1,000, 764 997239 88,957 

seAtlantic 592,169 562,561 «5,922 23,686 

{Central 223,420 0 Lacon 178, 736 

s-Central 467,083 140,425 163,479 | 163,479 

WeCentral 270,141 162,085 - 54,028 54,028 | 

| N-Pacific 133,476 | 0 106,781 26,695 

s-Pacific 927,627 27,829 92,763 807,035 

Totals 4,188,145 2,263,179 513,009 Teale o oe 

1,924,966 
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a e e ° e ° a e . . ° 

fable 2.--Major insecticides used as mosquito2/ Larvicides including average 

mavemoereacremperestreacment,. cOSt permit A.L., cost per acre. 

a a oS ls ~ eae ea me 

Rate per acre | Cost per Cost per acre 

| per treatment aun Gen aL per treatment 

| Material (lbs/acre) | $/unit unit (Si Matate re seen On 

1, Dursban . hie 12.00 Tis 0.60 

1), Fenthion (Baytex) 0.10 Fei Oe) lb ‘oPerAe) 

3, O11 (diesel) noeCeal) 0.45 gal 5.40 

4, Parathion 0.10 BA ts 0.20 

5, Abate 0n05 12.00 lb 60 

MAltosid 0.025 - 80.00 1b 2.00 

: Proposed | 

 ‘Dimilin 0.025 : 64.00 Lb 1.60 

i ee SEEEEIESIEEESSSSSSSSESSSSSSSSSS SS 

cost Ofeapplrcation ca. 51.10/acre (note: in Pranilaretorm acai cional 

 $.40/acre). 
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Table 3.--Human, laboratory-confirmed cases of mosquito-borne 

encepndlitissmcalatornia, 1945-1973. 

Year WEE?/ SLED! 

1945 26 28 
1946 18 10 
1947 32 6 
1948 - l 
1949 10 A 
1950 88 69 
1951 mez 33 
1952 375 45 
1953 14 22 
1954 22 99 
1955 6 3 
1956 14 bas7 

1957 3 325 
1958 37 16 
1959 2% 40 
1960 1 12 
1961 2 8 
1962 5 16 
1963 3 i 
1964 10 — 2 
1965 9 L 
1966 © 9 8 
1967 yi 8 

1968 ae 4 

1969 - 5 

1970 - 2 

1971 5) 20 
1972 3 ) 
1973 - 5 

_———— ee 

= Wester equine encephalitis. 

b/ Stpelowis cncephalitis. 
195 
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Attachment l 

Mosquito Larvicides 

Fenthion (Baytex) - Except eece as of high organophosphorus- 

resistance (central California), this material can be used against 

both larvae and adultes at 0.1 lb/acre. It is effective against 

a wide variety of moa tice species. This product presents a tox- 

ACLty problem an that ac rates required for mosquito CONLTOlmoay — 

tex can be harmful to wildlife Bridarcis i. 

Dursban - Except in areas of high organophosphorus resistance 

(central California), this material is effective against mosquito 

larvae and adults at 0.05-0.1 lb/acre. It has a high residual 

-action in polluted water (sewage lagoons, septic tanks, ditches 

with high organic debris) and in cathe basis and gutters. Dies 

moderately safe to wildlife but is highly toxic to aquatic, non- 

target organisms especially since registered rates are harmful 

eto crustaceans. 

Parathion - Except in areas of high organophospnorus-resis- 

‘tance (central Califormia), this material is effective against 

mosquito larvae and PouitsmeareOeleib/acre. .t is highly toxilcsco 

mammals, wildlife and aquatic, nontarget organisms and therefore 

its application must be carefully controlled; its low cost and 

perhaps varied methods of application (drip bucket and hand equip- 

ment) are the primary nee for its widespread use. 

Abate - This material is effective against mosquito larvae, 

except in areas of high organophosphorus- -resistance (central 

California) cle oh 05 Toyecreuee Lt is generally safe to mammals, 

fish and wildlife and relatively safe to aquatic, nontarget organ- 

isms. It is economically feasible to almost all MAD programs. 
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Aieosid - This material is effective against floodwater 

species of mosquito larvae at 0.25 lb/acre but is not effective 

against Culex larvae. It is generally safe to Mamas yee ls il. 

and wildlife although it has been shown to be harmful to several 

non-target taxa at registered rates of application. The select- 

ed habitat use results in a low volume production and a high 

Mriiecost. 
| 

Oils - These petroleum products (largely diesel oil) are 

effective larvicides at rates of 10-15 gal/acre. Theshtene create 

ment volume results in high cost and in a high degree of ferry- 

ing from storage facilities to treatment areas; consequently, 

large areas cannot be larvicided efficiently. It is also used 

to kill vegetation in various mosquito breeding beqoheetcy zs aid 

in elimination of breeding sites. 
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